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Table E-19
Difference in Commercial Timber Growth Rates With and Without The CAAA

Region
Difference in 2000 Difference in 2010

Softwoods Hardwoods Softwoods Hardwoods

PN W-E 1.68% 1.58% 2.11% 1.25%

PN W-W 1.17% 0.42% -0.56% 1.13%
S. West 0.84% 1.77% -0.14% 1.59%
N.Rocky 2.67% 0.40% 4.46% 2.05%

S. Rocky 4.77% 2.25% 4.14% 3.88%
S. Central 4.54% 4.80% 7.93% 8.41%

S. East 5.40% 5.65% 10.38% 10.91%

N. Central 1.80% 5.74% 4.36% 9.22%

N. East 4.27% 6.68% 9.58% 11.49%

,W# LV# LPSRUWDQW# WR# QRWH# WKDW# WKH# GLIIHUHQFH# LQ JHQHUDWHG#E\#WKH#WLPEHU#VHFWRU#LW#FRQWULEXWHV#WR#D#ODUJH
JURZWK# UDWHV# JUDGXDOO\# JURZV# IURP# ]HUR#SHUFHQW# LQ SRUWLRQ#RI#WKH#EHQHILWV#HVWLPDWH#RYHU#WKH#4<<305343
4<<3#WR#WKH#YDOXHV#SUHVHQWHG#IRU#5333/#DQG#WKHQ#53431 SHULRG1
,Q# RWKHU# ZRUGV/# WKH# GLIIHUHQFH# LQ# JURZWK# UDWH
HVWLPDWHG#IRU#5343#LV#QRW#H[SHULHQFHG#RYHU#WKH#HQWLUH 7KH# FXPXODWLYH# YDOXH# RI# DQQXDO# EHQHILWV# LV
4<<305343#PRGHOLQJ#SHULRG1 FDOFXODWHG# DV# WKH# VXP# RI# WKH# DQQXDO# GLIIHUHQFHV# LQ

Economic Impacts

7$00# HVWLPDWHV# WKDW# WKHUH# LV# D# PHDVXUDEOH
GLIIHUHQFH# LQ# WLPEHU# KDUYHVWV# DWWULEXWDEOH# WR# R]RQH
H[SRVXUH#XQGHU#RXU#WZR#VFHQDULRV1##$W#WKH#RXWVHW#RI
RXU#PRGHOLQJ#SHULRG/#HDUO\#4<<3V/#YLUWXDOO\#QR#FKDQJH
LV#PHDVXUHG# LQ# IRUHVW#KDUYHVW# YROXPHV1# #7KLV# LV# DQ
H[SHFWHG# UHVXOW# EHFDXVH# LQFUHDVHV# LQ# JURZWK# UDWHV
VKRXOG#QRW#VXEVWDQWLYHO\#DIIHFW#WLPEHU#YROXPH#RYHU#VR ,Q#LQWHUSUHWLQJ#UHVXOWV#IURP#WKLV#DQDO\VLV/#VHYHUDO
VKRUW#D#SHULRG#RI#WLPH1##%\#WKH#HQG#RI#RXU#PRGHOLQJ SRLQWV# VKRXOG# EH# FRQVLGHUHG1# # )LUVW/# ODUJH0VFDOH
SHULRG/# ODWH# 5333V/# LQFUHDVHG# JURZWK# UDWHV#RYHU# WKH DQDO\VHV#RI#FRPSOH[#HFRV\VWHP#SURFHVVHV#DUH#W\SLFDOO\
SUHYLRXV#GHFDGH+V,#EHJLQ#WR#DIIHFW#RYHUDOO#IRUHVW#\LHOGV FRQGXFWHG# ZLWK# VLPXODWLRQ# PRGHOV# EHFDXVH# LW# LV
LQ#WKH#IRUP#RI#KDUYHVWDEOH#WLPEHU1##7KLV#LV#REVHUYHG#LQ LPSRVVLEOH# WR# FRQGXFW# ODUJH0VFDOH# PDQLSXODWLRQ
)LJXUH#(0;#DV#DQ# LQFUHDVLQJ#DQQXDO#EHQHILW#HVWLPDWH H[SHULPHQWV# WKDW# ZRXOG# SURYLGH# VLPLODU# SUHGLFWLYH
RYHU#WKH#PRGHOLQJ#SHULRG1 FDSDELOLWLHV1##7KLV#EULQJV#ZLWK#LW#LQKHUHQW#XQFHUWDLQWLHV

7KH# VKDSH#RI# WKH#EHQHILWV# WLPH0VHULHV# UHYHDOV# D YDOLGDWH#PRGHO# SUHGLFWLRQV1# # ,Q# WKH# FDVH# RI# R]RQH
SURGXFWLRQ#VKLIW#LQ#RQH#UHJLRQ#RI#WKH#8QLWHG#6WDWHV#DV HIIHFWV# RQ# IRUHVW# SURGXFWLRQ/# WKH# DEVHQFH# RI
D# UHVXOW#RI# LQFUHDVHG# WLPEHU# DYDLODELOLW\1# #7KLV# VKLIW FRQWUROOHG/#ZKROH0IRUHVW#IXPLJDWLRQ#VWXGLHV#DFURVV#WKH
SURGXFHV#D#VSLNH#LQ#HFRQRPLF#VXUSOXV#IRU#D#SHULRG#RI UDQJH#RI#FOLPDWLF/#YHJHWDWLRQ#DQG#SROOXWLRQ#FRQGLWLRQV
WKUHH# \HDUV1# # $OWKRXJK# WKLV# FKDQJH# LV# VPDOO# LQ H[SHULHQFHG# DFURVV# WKH# 8161# PDNHV# LW# SUHVHQWO\
SHUFHQWDJH# WHUPV# UHODWLYH# WR# WRWDO#HFRQRPLF#VXUSOXV LPSRVVLEOH#WR#YDOLGDWH#DOO#PRGHO#SUHGLFWLRQV1##,Q#WKLV

FRQVXPHU# DQG# SURGXFHU# VXUSOXV# IURP# FRPPHUFLDO
WLPEHU# KDUYHVWV# XQGHU# RXU# &$$$# DQG# QR# &$$$
R]RQH#H[SRVXUH#VFHQDULRV# IURP# 4<<3# WR# 53431# #:H
GLVFRXQW#DQQXDO#EHQHILWV#WR#4<<3#GROODUV#XVLQJ#D#ILYH
SHUFHQW#GLVFRXQW#UDWH1##7KH#WRWDO#FXPXODWLYH#EHQHILWV
HVWLPDWH#LV#'41;:#ELOOLRQ1
#
Caveats and Uncertainties

LQ#WKDW#WKHUH#PD\#EH# OLWWOH#RU#QR#GDWD#ZLWK#ZKLFK#WR
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Figure E-8
Annual Economic Welfare Benefit of Mitigating Ozone Impacts on
Commercial Timber:  Difference Between the Pre-C AAA and Post-CAAA
Scenarios

DQDO\VLV/# ZH# KDYH# FRPELQHG# HVWDEOLVKHG# HPSLULFDO
UHODWLRQVKLSV# EHWZHHQ# R]RQH# H[SRVXUH# DQG# SODQW
SK\VLRORJLFDO#IXQFWLRQ#LQ#D#SHHU0UHYLHZHG#PRGHO#WKDW
LV#EDVHG#RQ#VRXQG#IRUHVW#JURZWK#SURFHVVHV1##$V#VXFK/
WKH#UHVXOWLQJ#PRGHO#SUHGLFWLRQV#VKRXOG#EH#YLHZHG#DV#D
VHW# RI# UHILQHG# K\SRWKHVHV/# EXW# QHYHUWKHOHVV/
K\SRWKHVHV#WKDW#KDYH#QRW#EHHQ#WKRURXJKO\#WHVWHG1

6HFRQG/# ZKLOH# R]RQH# KDV# UHSHDWHGO\# EHHQ
LGHQWLILHG#DV#DQ#LPSRUWDQW#HQYLURQPHQWDO#VWUHVV#DJHQW
DIIHFWLQJ# IRUHVW# YHJHWDWLRQ/# LW# LV# QRW# WKH# RQO\# VXFK
IDFWRU# WR# ZKLFK# IRUHVWV# DUH# FXUUHQWO\# H[SRVHG# DW
UHJLRQDO# WR# JOREDO# VFDOHV1# # +XPDQ# DFWLYLWLHV# KDYH
SURIRXQGO\#DIIHFWHG#JOREDO#F\FOHV#RI#FDUERQ/#QLWURJHQ
DQG#D#QXPEHU#RI#RWKHU#HOHPHQWV#LQ#ZD\V#WKDW#PD\#EH
DW#OHDVW#DV#LPSRUWDQW#DV#R]RQH1##%HFDXVH#D#QXPEHU#RI
FKDQJHV#+H1J1#HOHYDWHG#&2 #DQG#LQFUHDVHG#DWPRVSKHULF5
QLWURJHQ#GHSRVLWLRQ,#KDYH#VLJQLILFDQW#SRWHQWLDO#WR#FDXVH
ODUJH0VFDOH#IHUWLOL]DWLRQ#HIIHFWV/#JURZWK#SUHGLFWLRQV#WKDW
LQFOXGH# R]RQH# HIIHFWV# DORQH# VKRXOG# EH# YLHZHG# DV
LQFRPSOHWH1

1\QPG"/QFGNKPI

& %HFDXVH# LW# LV#QRW#SRVVLEOH# WR#PRGHO#R]RQH
OHYHOV# WKURXJKRXW# WKH# FRXQWU\# GXULQJ# WKH
PRQWKV# RI#2FWREHU# WKURXJK# $SULO# GXULQJ
IXWXUH#\HDUV/#LW#LV#QHFHVVDU\#WR#HPSOR\#DQRWKHU
PHWKRG#WR#REWDLQ#HVWLPDWHV#IRU#R]RQH#OHYHOV
GXULQJ#WKHVH#PRQWKV1#:H#DVVXPH#WKDW#R]RQH
OHYHOV#GXULQJ#WKHVH#PRQWKV#IRU#5333#DQG#5343
ZLOO#EH#LGHQWLFDO#WR#WKH#OHYHOV#GXULQJ#WKH#VDPH
PRQWKV#RI# 4<<31# #7KXV/# DQ\#GLIIHUHQFHV# LQ
WLPEHU#SURGXFWLRQ#XQGHU#WKH#WZR#VFHQDULRV#RI
&$$$# SURPXOJDWLRQ# DQG# QR# &$$$
SURPXOJDWLRQ#ZLOO#EH#GULYHQ#VROHO\#E\#R]RQH
GLIIHUHQFHV# GXULQJ# WKH#ZDUPHU# SDUW# RI# WKH
\HDU# WKDW# FRPSULVHV# WKH# PDMRULW\# RI# WKH
JURZLQJ#VHDVRQ1

& ,W#LV#LPSRUWDQW#WR#QRWH#WKDW#R]RQH#PRQLWRULQJ
LV#QRW#FRPSOHWH/#ZLWK#FRYHUDJH#HVSHFLDOO\#ORZ
LQ# IRUHVWHG# UHJLRQV# RI# WKH# 8QLWHG# 6WDWHV1
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2QO\#WZR#SHUFHQW#RI#R]RQH#PRQLWRUV#DUH#LQ PRGHOLQJ#SHULRG1##,W#LV#HYLGHQW#IURP#WKH#GDWD
IRUHVWHG# DUHDV# +8161(3$# 4<<9,1# #:H#ZRUN ZH#SUHVHQW#WKDW#LPSURYHG#JURZWK#WDNHV#\HDUV
ZLWK# WKH# EHVW# SRVVLEOH# HVWLPDWHV# RI WR# DIIHFW# DFWXDO# KDUYHVWV1# # 7KHUHIRUH/# WKH
WURSRVSKHULF# R]RQH# FRQFHQWUDWLRQV# EXW FRPSOHWH#EHQHILWV#RI#LPSURYHG#JURZWK#GXULQJ
LGHQWLI\# WKLV# DV# D# VLJQLILFDQW# DUHD# RI 4<<3#WR#5343#ZLOO#QRW#EH#DFFUXHG#XQWLO#DIWHU
XQFHUWDLQW\#LQ#WKLV#DQDO\VLV1 53431# #%\#QRW# LQFOXGLQJ# WKHVH# \HDUV# LQ#RXU

'EQNQIKECN"/QFGNKPI

& 3UHOLPLQDU\# PRGHO# UHVXOWV# UHYHDOHG# DQ
LQWHUHVWLQJ# DQG# XQH[SHFWHG# LQWHUDFWLRQ
EHWZHHQ#R]RQH/#GURXJKW# VWUHVV# DQG# FDUERQ
DOORFDWLRQ1##2Q#PRLVW/#SURGXFWLYH#VLWHV/#R]RQH
UHVXOWHG#SULPDULO\#LQ#GHFUHDVHG#ZRRG#JURZWK
EHFDXVH#WKH#VLPXODWHG#WUHHV#FDQ#DIIRUG#WR#ORVH
ZRRG# ZLWKRXW# UHGXFLQJ# PRUH# LPSRUWDQW
WLVVXHV# ZKLFK# DUH# JLYHQ# KLJKHU# DOORFDWLRQ
SULRULW\# LQ# WKH#PRGHO# +OHDI# DQG# URRW,1# #2Q
SURJUHVVLYHO\# FROGHU# RU# GULHU# VLWHV/# R]RQH
H[SRVXUH#FDXVHV#UHGXFWLRQV#LQ#DOO#SODQW#WLVVXHV
EHFDXVH# SODQWV# DUH# DOUHDG\# VWUHVVHG# HQRXJK
WKDW#DGGLWLRQDO#UHGXFWLRQV#LQ#FDUERQ#JDLQ#PXVW
FRPH# IURP# DOO# SODQW# SRROV1# # &RPSOH[
LQWHUDFWLRQV#DPRQJ#R]RQH/#GURXJKW#DQG#WKLV
FDUERQ# DOORFDWLRQ# G\QDPLF# SURGXFHG
XQH[SHFWHGO\#YDULDEOH#UHVXOWV/#ZKLFK/#LQ#VRPH
FDVHV# FDXVHG# DQ# LQFUHDVH# LQ# JURZWK# LQ
UHVSRQVH# WR# R]RQH1# # $OWKRXJK# WKHVH# DUH
LQWHUHVWLQJ# DQG# ELRORJLFDOO\# IHDVLEOH
LQWHUDFWLRQV/#LQ#WKH#DEVHQFH#RI#DQ\#UHDO#GDWD#LQ
WKLV# DUHD/# LW# LV# LPSRVVLEOH# WR#GHWHUPLQH# WKH
H[WHQW#WR#ZKLFK#WKH\#DFWXDOO\#RFFXU1

'EQPQOKE"/QFGNKPI

& 7KHUH# DUH# WZR# LPSRUWDQW# FDYHDWV# WR# WKH
HFRQRPLF# PRGHOLQJ1# # )LUVW/# ZH# JHQHUDOL]H
FKDQJHV#LQ#JURZWK#UDWHV#IRU#HQWLUH#IRUHVW#W\SHV
DFURVV# SRWHQWLDOO\# KHWHURJHQHRXV# UHJLRQV1
7$00#LV#FDSDEOH#RI#PRGHOLQJ#WLPEHU#JURZWK
DQG#KDUYHVW#ZLWK#JUHDWHU#SUHFLVLRQ/#EUHDNLQJ
GRZQ# IRUHVWV# LQWR# PDQ\# VSHFLHV# DQG
DJH0FODVVHV# DQG# E\# FRXQW\1# # :H# GR# QRW
DQWLFLSDWH# WKDW# LQFUHDVLQJ# WKH# SUHFLVLRQ# RI
JURZWK# UDWH#GDWD#RQ#D#QDWLRQDO# VFDOH#ZRXOG
VXEVWDQWLDOO\#DOWHU#RXU#UHVXOWV1

& 7KH#VHFRQG#FDYHDW#LV#HFRQRPLF#EHQHILWV#PD\
EH# XQGHUHVWLPDWHG# E\# XVLQJ# VR# VKRUW# D

DQDO\VLV# ZH# FDQ# QRW# IXOO\# DFFRXQW# IRU# WKH
FRPPHUFLDO# WLPEHU# EHQHILWV# RI# R]RQH
PLWLJDWLRQ#RYHU#WKH#SHULRG#RI#RXU#DQDO\VLV1

Carbon Sequestration Effects

,W# LV# SRVVLEOH# WR# H[WHQG# WKH# DQDO\VLV# RI# WLPEHU
JURZWK# UDWHV# WR# DFFRXQW# IRU# WKH# GLIIHUHQFHV# LQ
WHPSRUDU\#DQG#ORQJ0WHUP#FDUERQ#VHTXHVWUDWLRQ#XQGHU
HDFK#RI#RXU#R]RQH#VFHQDULRV1##7KLV#LV#DFFRPSOLVKHG#E\
OLQNLQJ# WZR# 86'$# )RUHVW# 6HUYLFH# 0RGHOV# WR
7$002$7/$6# WR# JHQHUDWH# HVWLPDWHV# RI# FDUERQ
VHTXHVWHUHG#LQ#VWDQGLQJ#IRUHVW/#DQG#FDUERQ#VHTXHVWHUHG
LQ#FRPPHUFLDO#IRUHVW#SURGXFWV1##:H#EULHIO\#VXPPDUL]H
WKRVH#VWHSV#KHUH1

7$002$7/$6# SURYLGHV# DQ# HVWLPDWH# RI# WKH
VWDQGLQJ# WLPEHU# VWRFN# DQG# WKH# FRPPHUFLDO# WLPEHU
KDUYHVWV# WKDW#ZLOO# RFFXU# XQGHU# HDFK# RI# RXU# R]RQH
H[SRVXUH# VFHQDULRV1# # 8VLQJ# WKLV# LQIRUPDWLRQ# ZH
HVWLPDWH#WKH#UHVSHFWLYH#YROXPHV#RI#FDUERQ#VHTXHVWHUHG
LQ# HDFK# VFHQDULR# XVLQJ# WKH# IRUHVW# FDUERQ# PRGHO
+)25&$5%,# DQG# KDUYHVWHG# FDUERQ# PRGHO
++$59&$5%,1

)25&$5%#FRQWDLQV#D#VHW#RI#VWDQG#OHYHO#FDUERQ
EXGJHWV#WKDW#UHODWH#WKH#WLPEHU#JURZWK#DQG#\LHOG#RXWSXW
IURP#$7/$6#WR#WUHQGV#LQ#WRWDO#HFRV\VWHP#FDUERQ#RYHU
WKH# FRXUVH# RI# VWDQG# GHYHORSPHQW1# # 7KHVH# LQFOXGH
FDUERQ#VHTXHVWHUHG#LQ#WUHHV/#ZRRG\#GHEULV/#XQGHUVWRU\
YHJHWDWLRQ/# DQG# WKH# IRUHVW# IORRU1# #8VLQJ# WKHVH#GDWD/
)25&$5%#HVWLPDWHV#WKH#WRWDO#FDUERQ#VHTXHVWHUHG#LQ
FRPPHUFLDO# IRUHVWV# DW# DQ\# SRLQW# LQ# WLPH1# # 7KLV
LQIRUPDWLRQ#SURYLGHV#D#XVHIXO#EDVHOLQH#IRU#WKH#UDWH#RI
IRUHVW# FDUERQ# VHTXHVWUDWLRQ# WKDW# FDQ# EH# H[SHFWHG
XQGHU# GLIIHUHQW# R]RQH# H[SRVXUH# VFHQDULRV1# # )RU# D
FRPSOHWH# GHVFULSWLRQ# RI# )25&$5%# DQG# LWV
DSSOLFDWLRQ#VHH#7XUQHU#HW#DO1#+4<<6,#DQG#7XUQHU#HW#DO1
+4<<8,1
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7KH#DJH#RI#QDWXUDO#IRUHVWV#DQG#WKH#PDQDJHPHQW RI# KDUYHVWHG# IRUHVW# WLPEHU# DQG# WKHUHE\# DGMXVW# WKH
UHJLPH#RI# FRPPHUFLDO# IRUHVWV# ODUJHO\#GHWHUPLQH# WKH IRUHVW#FDUERQ#VHTXHVWUDWLRQ#HVWLPDWHV#RI#)25&$5%1
IDWH# RI# IRUHVW# FDUERQ1# # ,Q# QDWXUDO# IRUHVWV/# FDUERQ +$59&$5%# UHOLHV# RQ# D# UDQJH# RI# DVVXPSWLRQV
VHTXHVWUDWLRQ#LV#WHPSRUDU\/#ZLWK#VHTXHVWHUHG#FDUERQ DSSUR[LPDWHO\# 83# SHUFHQW# RI# KDUYHVWHG# ZRRG
HYHQWXDOO\# UHWXUQLQJ# WR# WKH# QXWULHQW# F\FOH1 XOWLPDWHO\# EHFRPHV# D#ZRRG# RU# SDSHU# SURGXFW/# WKH
$OWHUQDWLYHO\/# KDUYHVWHG# WLPEHU# LV# WUDQVIRUPHG# LQWR UHPDLQGHU# EHFRPHV# ZDVWH# IURP# WKH# SURGXFWLRQ
FRPPHUFLDO# SURGXFWV# WKDW# DOWHU# WKH# OLIH# F\FOH# RI SURFHVV1# #2I# WKH# ILQDO#ZRRG#DQG#SDSHU#SURGXFWV/#D
VHTXHVWHUHG#FDUERQ1##8VLQJ#WKH#+$59&$5%#PRGHO/ VPDOO# SHUFHQWDJH# EHFRPH# GXUDEOH# SURGXFWV# RU# DUH
ZH#XVH#KDUYHVW#LQIRUPDWLRQ#IURP#7$00#WR#WUDFN#WKH ODQGILOOHG#DQG#GHFRPSRVH#DW#D#UDWH#RI# OHVV#WKDQ#RQH
OLIHF\FOH# RI# WLPEHU1# # 7KH# XOWLPDWH# IDWH# RI# WKLV SHUFHQW#D#\HDU#+5RZ#DQG#3KHOSV/#4<<3,1##:RRG#WKDW#LV
VHTXHVWHUHG# FDUERQ# GHSHQGV# RQ# WKH# HIILFLHQF\# RI HLWKHU# PDQXIDFWXUHG# LQWR# D# GXUDEOH# SURGXFW# +H1J1
WLPEHU#FRQYHUVLRQ#+L1H1#KRZ#PXFK#WLPEHU#EHFRPHV#D SHUPDQHQW#EXLOGLQJ#FRQVWUXFWLRQ#PDWHULDO/#IXUQLWXUH,
SURGXFW,/# DQG# WKH# GXUDELOLW\# RI# WKDW# SURGXFW1 RU#PDWHULDOV#WKDW#DUH#ODQGILOOHG#+H1J1#SDSHU,#FRQWULEXWH
+$59&$5%# HVWLPDWHV# WKH# ORQJ0WHUP# FDUERQ WR#ORQJ0WHUP#FDUERQ#VHTXHVWUDWLRQ1##7KH#UHPDLQGHU#RI
VHTXHVWUDWLRQ# UHVXOWLQJ# IURP# WLPEHU#KDUYHVWV# XQGHU WKH# KDUYHVWHG#ZRRG#PDVV# +H1J1# ELRPDVV# IXHO/# QRQ0
HDFK# RI# RXU# VFHQDULRV1# # $# IXOO# GHVFULSWLRQ# RI GXUDEOHV#WKDW#DUH#QRW#ODQGILOOHG,#LV#UH0UHOHDVHG#WR#WKH
+$59&$5%#LV#IRXQG#LQ#5RZ#DQG#3KHOSV#+4<<3,1 HQYLURQPHQW# DQG# WKHUHIRUH# LV# QRW# LQFOXGHG# LQ# WKH

)RUHVW# HFRV\VWHPV# KHOS# PLWLJDWH# LQFUHDVLQJ IRUHVWV1#
DQWKURSRJHQLF# FDUERQ# GLR[LGH# HPLVVLRQV# E\
VHTXHVWHULQJ#FDUERQ#IURP#WKH#DWPRVSKHUH/#FRQYHUWLQJ :H#ILQG#WKDW#IRUHVW#FDUERQ#VHTXHVWUDWLRQ#LQFUHDVHV
DWPRVSKHULF# FDUERQ# # LQWR# ELRORJLFDO# VWUXFWXUHV# RU ZLWK# LPSURYHG# DLU# TXDOLW\# XQGHU# WKH#&$$$1# #7KLV
VXEVWDQFHV#QHHGHG#LQ#SK\VLRORJLFDO#SURFHVVHV1#6RPH#DLU UHVXOW#FRUUHVSRQGV#ZLWK#WKH#LQWXLWLRQ#WKDW#IRUHVWV#WHQG
SROOXWDQWV/#KRZHYHU/#PD\#DGYHUVHO\#DIIHFW#WKH#SRWHQWLDO WR#JURZ#IDVWHU#ZKHQ#WURSRVSKHULF#R]RQH#H[SRVXUH#LV
RI#IRUHVWV#WR#VHTXHVWHU#FDUERQ#E\#VORZLQJ#GRZQ#WKH UHGXFHG1# # &DUERQ# IOX[/# RU# DQQXDO# IRUHVW# FDUERQ
UDWH#RI#ELRPDVV#DFFXPXODWLRQ#RI#VHQVLWLYH#IRUHVW#WUHH VHTXHVWUDWLRQ#PLQXV#IRUHVW#KDUYHVW#ORVVHV#+H[FOXGLQJ
VSHFLHV1#7KLV#PD\#DIIHFW#WKH#JOREDO#FDUERQ#F\FOH#DQG ORQJ0WHUP#FDUERQ#VHTXHVWUDWLRQ#LQ#IRUHVW#SURGXFWV,#LV
PD\#FRQWULEXWH#WR#DQWKURSRJHQLFDOO\#LQGXFHG#FKDQJHV DOVR# JUHDWHU#XQGHU# WKH#&$$$# WKDQ#XQGHU#RXU#1R0
LQ#WKH#HDUWK*V#FOLPDWLF#FRQGLWLRQV1 &$$$#DLU#TXDOLW\#VFHQDULR1##:H#VXPPDUL]H#RXU#UHVXOWV

8VLQJ# RXWSXW# IURP# 7$002$7/$6/# WLPEHU
LQYHQWRULHV#FDQ#EH#FRQYHUWHG#LQWR#HVWLPDWHV#RI#FDUERQ
VHTXHVWHUHG#LQ#FRPPHUFLDO#IRUHVWV#E\#D#IRUHVW#FDUERQ
PRGHO# +)25&$5%,1# # )25&$5%# HVWLPDWHV# WKH
FDUERQ#VWRUDJH#LQ#HDFK#RI#IRXU#HFRV\VWHP#FRPSRQHQWV=
WUHHV># IRUHVW#XQGHUVWRU\/# IRUHVW# IORRU/#DQG#VRLO1# #7KH
PRGHO#XVHV#IRUHVW#FDUERQ#VWRUDJH#DQG#IOX[#HVWLPDWHV
EDVHG# RQ# HFRORJLFDO# DQDO\VHV# RI# HDFK# RI# WKH# IRUHVW
HFRV\VWHP#FRPSRQHQWV1##7KH#GHWDLOV#RI#WKHVH#VWXGLHV
DQG#WKHLU#V\QWKHVLV#LQWR#WKH#)25&$5%#PRGHO#FDQ#EH
IRXQG# LQ# %LUGVH\# +4<<5D/# 4<<5E,# DQG# +HDWK# DQG
%LUGVH\#+4<<6,1##+HDWK#DQG#%LUGVH\#+4<<8,#SURYLGH#D
WHFKQLFDO#GHVFULSWLRQ#RI#LQWHJUDWHG#VLPXODWLRQV#XVLQJ
7$002$7/$6# DQG# )25&$5%1# #2I# WKH# FDUERQ
VHTXHVWHUHG#LQ#IRUHVWV/#VRPH#SRUWLRQ#LV#VXEVHTXHQWO\
KDUYHVWHG# DV# WLPEHU# DQG# SURFHVVHG# LQWR# ZRRG
SURGXFWV/#SDSHU/#DQG#ELRPDVV#IXHO1##:H#XVH#D#KDUYHVW
FDUERQ#PRGHO#++$59&$5%,#WR#HVWLPDWH#WKH#OLIH0F\FOH

YROXPH# RI# FDUERQ# HVWLPDWHG# WR# EH# VHTXHVWHUHG# LQ

LQ#7DEOH#(0531
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Table E-20
Differences in Carbon Flux (millions of metric tons/year)

1990-1999 2000-2010

Forest Flux 8 28

Land Use Change > -1 > -1

Cumulative Fate of > 1 > 1
Removals

TOTAL FLUX 8 29

)RUHVW# FDUERQ# IOX[# DWWULEXWDEOH# WR# WKH# &$$$ & +$59&$5%#XWLOL]HV#GDWD#RQ#WKH#OLIH#VSDQ#RI
UHSUHVHQWV#DSSUR[LPDWHO\#IRXU#WR#VL[WHHQ#SHUFHQW#RI GXUDEOH#ZRRG#SURGXFWV#WKDW#LV#RYHU#83#\HDUV
DQWLFLSDWHG#WRWDO#FDUERQ#IOX[#LQ#8161#IRUHVWV#EHWZHHQ ROG/# RULJLQDOO\# FRPSLOHG# E\# WKH# ,QWHUQDO
4<<3053431 5HYHQXH#6HUYLFH#IRU#SXUSRVHV#RI#FDOFXODWLQJ

,Q# WKH# HYHQW#RI# D#ELQGLQJ# LQWHUQDWLRQDO# FDUERQ DXWKRUV#RI#+$59&$5%#VWDWH#WKDW#WKLV#GDWD
PLWLJDWLRQ#DJUHHPHQW/#WKH#LPSOLFDWLRQ#RI#WKLV#UHVXOW#LV FRQWLQXHV# WR# EH# UHOLDEOH/# FKDQJHV# LQ
WKDW# VXEVWDQWLDO# FRVWV# RI# FDUERQ#PLWLJDWLRQ#PD\# EH FRQVWUXFWLRQ/# SURGXFW# DQG# WKHLU# XVHV#PRVW
DYRLGHG#E\#LPSURYHG#IRUHVW#JURZWK#DWWULEXWDEOH#WR#WKH OLNHO\#ELDVHV#WKHVH#GDWD1##1R#HVWLPDWH#LV#PDGH
&$$$1# #7KRXJK# LW# LV# QRW# SRVVLEOH# WR# HYDOXDWH# WKH RI#WKH#PDJQLWXGH#RU#GLUHFWLRQ#RI#WKLV#ELDV1
PRQHWDU\#YDOXH#RI#WKH#DYRLGHG#FRVW#DW#WKLV#WLPH#GXH#WR
XQFHUWDLQW\# UHJDUGLQJ# WKH# DFWXDO# FRVW# RI# FDUERQ
PLWLJDWLRQ/# LW#ZLOO#EH#SRVVLEOH# WR# HVWLPDWH# WKH# YDOXH
XVLQJ# WKH#GDWD# LQ# WKLV# DQDO\VLV#RQFH# UHOLDEOH# FDUERQ
PLWLJDWLRQ#FRVWV#EHFRPH#DYDLODEOH1

Caveats and Uncertainties

$GGLWLRQDO# FDYHDWV# DQG# XQFHUWDLQWLHV# DVVRFLDWHG
ZLWK# WKH#HVWLPDWLRQ#RI#FDUERQ#VHTXHVWUDWLRQ# LQ#8161
FRPPHUFLDO#IRUHVWV#LQFOXGH#WKH#IROORZLQJ=

& )25&$5%# HVWLPDWHV# DUH# EDVHG# RQ# D
V\QWKHVLV#RI#D#YDULHW\#RI#HPSLULFDO#VWXGLHV#RI
WKH#IRXU#HFRV\VWHP#FRPSRQHQWV#+VRLO/#IRUHVW
IORRU/#XQGHUVWRU\/#DQG#WUHHV,1##7KH#WRWDO#HUURU
RI# WKH# FRPSRVLWH# RI# WKHVH# VWXGLHV# LV# QRW
WUHDWHG#H[SOLFLWO\#DV#D#PRGHOLQJ#RXWSXW1

& )25&$5%#DOVR#HVWLPDWHV#WKH#FDUERQ#VWRUDJH
DQG#IOX[#IRU#D#YDULHW\#RI#IRUHVW#W\SHV#EDVHG#RQ
D# V\QWKHVLV#RI#HPSLULFDO#VWXGLHV1# #7KH#HUURU
DVVRFLDWHG# ZLWK# H[WUDSRODWLQJ# WKHVH# GDWD
DFURVV#D#YDULHW\#RI#IRUHVW#HFRV\VWHP#W\SHV#LV
QRW#H[SOLFLWO\#WUHDWHG1

GHSUHFLDWLRQ#RI#WKHVH#SURGXFWV1##7KRXJK#WKH

Aesthetic Degradation of Forests

7KH# SXUSRVH# RI# WKLV# VHFWLRQ# LV# WR# HYDOXDWH# WKH
SURVSHFWLYH#EHQHILWV#RI#IRUHVW#DHVWKHWLF#LPSURYHPHQWV
DVVRFLDWHG#ZLWK#LPSURYHG#DLU#TXDOLW\#DWWULEXWDEOH#WR#WKH
&$$$1# # ,Q#RUGHU# WR# DVVHVV# WKHVH#EHQHILWV/#ZH# ILUVW
HYDOXDWH# WKH#NQRZQ#FKDQJHV# LQ#YLVLEOH# LQMXULHV#RYHU
WLPH1#$YDLODEOH# VFLHQWLILF#PHWKRGV# DQG# GDWD#RQ# WKH
YLVXDO#DSSHDUDQFH#RI#IRUHVW#VWDQGV#DQG#WKHLU#LPSDFW#RQ
SHUFHLYHG#IRUHVW#DHVWKHWLFV/#KRZHYHU/#PDNH#LW#GLIILFXOW
WR# SUHFLVHO\# GHVFULEH# FKDQJHV# LQ# IRUHVW# DHVWKHWLFV1
1HYHUWKHOHVV/# LW# LV# SRVVLEOH# WR# GHVFULEH# D# UDQJH# RI
YLVXDO# LPSDFWV# WKDW#PD\#EH#FDXVHG#E\#DLU#SROOXWDQWV
DQG#WKHLU#SRWHQWLDO#HIIHFW#RQ#IRUHVW#DHVWKHWLFV1#6HFRQG/
ZH#DVVHVV# WKH#HFRQRPLF#YDOXH#DVVRFLDWHG#ZLWK# VXFK
DHVWKHWLF#FKDQJHV1##7KH#IRFXV#RI#PXFK#RI#WKLV#ZRUN
WHQGV# WR# EH# VLWH0VSHFLILF/# GHVFULEHV# WKH# DHVWKHWLF
LPSDFWV#RI#D#QXPEHU#RI#FDXVDO#IDFWRUV/#DQG#XWLOL]HV#D
YDULHW\#RI#H[SHULPHQWDO#PHWKRGV#PDNLQJ#LW#GLIILFXOW#WR
JHQHUDOL]H# UHVXOWV1# # :H# FRQFOXGH# WKDW# DLU# TXDOLW\
LPSURYHPHQWV#DWWULEXWDEOH#WR#WKH#&$$$#VKRXOG#UHVXOW
LQ#LPSURYHG#IRUHVW#KHDOWK/#SRVVLEO\#SURYLGLQJ#DHVWKHWLF
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YDOXH#WR#VRFLHW\#LQ#WKH#UDQJH#RI#ELOOLRQV#RI#GROODUV1##$ RQ#VXFK#D#ORQJ0WHUP#VFDOH#WKDW#EHQHILWV#LQ#WKH#YLVXDO
PRUH#GHWDLOHG#GHVFULSWLRQ#RI#WKLV#DQDO\VLV#LV#IRXQG#LQ DSSHDUDQFH#RI#IRUHVWV#PD\#QRW#EH#H[KLELWHG#GXULQJ#WKH
&KDUDFWHUL]LQJ#WKH#)RUHVW#$HVWKHWLFV#%HQHILWV#$WWULEXWDEOH#WR SHULRG#RI#RXU#DQDO\VLV1
WKH#4<<3#&OHDQ#$LU#$FW#$PHQGPHQWV/#4<<305343#+,(&/
4<<<F,1

Forest Aesthetic Effects from Air
Pollutants

$LU#SROOXWLRQ#FDQ#FDXVH#D#ZLGH#YDULHW\#RI#YLVXDO
LQMXULHV# WR# IRUHVW# VWDQGV/# UDQJLQJ# LQ# VHYHULW\# IURP
VXEWOH#LQMXULHV#+H1J1/#PLQRU#OHDI#GLVFRORUDWLRQ,#WR#VHYHUH
IRUHVW#GHFOLQH#+H1J1/#H[WHQVLYH#GHIROLDWLRQ#DQG#GHDWK#RI
WUHHV,1#7KH#VHYHULW\#RI#V\PSWRPV#GHSHQGV#RQ#PDQ\
IDFWRUV#LQFOXGLQJ#WKH#DWPRVSKHULF#FRQFHQWUDWLRQ#RI#DLU
SROOXWDQWV/# WKH# VHQVLWLYLW\# RI# WUHH# VSHFLHV# WR# DLU
SROOXWLRQ# DQG# WKH#SUHVHQFH#RI#RWKHU# HQYLURQPHQWDO
VWUHVV# IDFWRUV# +)R[# DQG#0LFNOHU/# 4<<8># (DJDU# DQG
$GDPV/#4<<5>#2OVRQ#HW#DO1/#4<<5>#6PLWK/#4<<3,1##

0DQ\# &$$$0UHJXODWHG# DLU# SROOXWDQWV# DUH
DVVRFLDWHG#ZLWK#YLVXDO#V\PSWRPV/# LQFOXGLQJ/#EXW#QRW
OLPLWHG# WR/# WURSRVSKHULF# R]RQH/# VXOIXU# GLR[LGH# DQG
K\GURJHQ#IOXRULGH/#WKH#WKUHH#PDMRU#SROOXWDQWV#NQRZQ
WR#KDYH#FDXVHG#VLJQLILFDQW#YLVXDO#LQMXULHV#WR#IRUHVW#WUHHV
LQ# WKH# SDVW# +1$3$3/# 4<;:,1# 2WKHU# DLU# SROOXWDQWV
NQRZQ#WR#SRWHQWLDOO\#FDXVH#YLVXDO#LQMXULHV#WR#SODQWV#DUH
VWURQJ#PLQHUDO# DFLGV/# SUHFXUVRUV# RI#ZKLFK# DUH# DOVR
UHJXODWHG#E\#WKH#&$$$#+1$3$3/#4<;:,1#,Q#DGGLWLRQ/
WKHUH#DUH#D#YDULHW\#RI#RWKHU#DLU#SROOXWDQWV#SRWHQWLDOO\
DIIHFWLQJ# WKH# YLVXDO# DSSHDUDQFH#RI#SODQWV/# LQFOXGLQJ
KHDY\#PHWDOV#VXFK#DV#OHDG#DQG#PHUFXU\#+(3$/#4<<:G>
*DZHO# HW# DO1/# 4<<9># 6PLWK/# 4<<3># 1$3$3/# 4<;:,>
QLWURJHQ# R[LGHV># DPPRQLD># SHUR[\DFHW\O# QLWUDWH>
FKORULGHV>#DQG#HWK\OHQH#+6PLWK/#4<<3>#1$3$3/#4<;:>
-DFREVRQ# DQG# +LOO/# 4<:3,1# +RZHYHU/# YHU\# OLPLWHG
LQIRUPDWLRQ#LV#SUHVHQWO\#DYDLODEOH#RQ#YLVXDO#GDPDJHV
FDXVHG#E\# WKHVH#SROOXWDQWV1# #7DEOHV#(054# DQG#(055
VXPPDUL]H#WKH#NQRZQ#YLVXDO#LPSDFWV#RI#DLU#SROOXWDQWV
RQ#IRUHVWV#DQG#WKHLU#JHRJUDSKLF#H[WHQW1

$V# D# FRQVHTXHQFH# RI# FRPSOH[# QDWXUDO# IRUHVW
G\QDPLFV/# ODFN# RI# H[WHQVLYH# ORQJ0WHUP# PRQLWRULQJ
QHWZRUNV/# DQG# GLIILFXOWLHV# LQ# HVWDEOLVKLQJ# FDXVH# DQG
HIIHFW#UHODWLRQVKLSV/#LW#LV#QRW#SRVVLEOH#WR#TXDQWLI\#WKH
H[WHQW#RI#YLVXDO#IRUHVW#LQMXULHV#FDXVHG#E\#DLU#SROOXWDQWV
RU# FKDQJHV# WKDW# PD\# KDYH# RFFXUUHG# VLQFH# WKH
LPSOHPHQWDWLRQ# RI# WKH# &$$$1# # ,Q# DGGLWLRQ/
PHFKDQLVPV#WKDW#LQGXFH#WKUHDWV#WR#IRUHVWV#PD\#RSHUDWH
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Table E-21
Typical Impacts of Specific Pollutants on the Visual Quality of Forests

Geographic Extent Direct/Indirect Injuries Major Types of Visual Injuries
Ozone Area or regional effects Direct injuries Foliar injuries (e.g., pigmented stipple), increased needle/leaf abscission, premature

senescence of leaves. Pattern, size, location, and shape of foliar injuries to indicator
species can be specific for ozone. 

Indirect Injuries Increased susceptibility to visual injuries that may result from other adverse
environmental factors, such as insect attacks. For example, increased needle/leaf
abscission, elevated mortality rates, and/or changes in species composition.  

Acidic Deposition Area or regional effects Indirect Injuries Increased susceptibility to visual injuries that may result from other adverse
environmental factors, such as climatic factors. For example, increased needle/leaf
abscission, elevated mortality rates, and/or changes in species composition.

Acidic deposition can also cause direct foliar injuries. Acids are, however, more likely
to indirectly affect the visual appearance of forest trees, unless exposure levels are
very high.

Sulfur Dioxide Point source pollution Direct Injuries Foliar injuries including leaf/needle discoloration and necrosis. Pattern, size, location,
and shape of foliar injuries to indicator species can be specific for sulfur dioxide. At
high concentrations, elevated mortality rates of sensitive species and changes in
species composition may occur.

Sulfur dioxide may also cause indirect injuries. Indirect injuries, however, are not well
documented.

Hydrogen Fluoride Point source pollution Direct Injuries Foliar injuries including leaf/needle discoloration and necrosis. Pattern, size, location,
and shape of foliar injuries to indicator species can be specific for sulfur dioxide. At
high concentrations, elevated mortality rates of sensitive species and changes in
species composition may occur.

Hydrogen fluoride may also cause indirect injuries. Indirect injuries, however, are not
well documented.
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Table E-22
Forests Affected by Regional Pollution
Affected Forest Type Region Major Air Documented Visual Suspected Mechanisms of Injury Sources

/ Species Pollutants Injuries
Mixed Conifer Forest / San Bernardino Ozone and nitrogen Foliar injuries include Direct ozone-induced foliar injuries.  Heavy bark E PA 1996a; Miller,
Ponderosa and Jeffrey Mountains, containing chlorotic mottle, tip beetle attacks facilitated by drought, ozone, and 1992; Stolte et al.,
Pines California substances necrosis, premature nitrogen containing air pollutants. 1992;  NAPAP,

senescence of 1991; Miller and
needles, and Ponderosa and Jeffrey pine have shown air McBride, 1998
increased needle pollution-related symptoms of decline probably
abscission. Elevated since the mid 1950s.
mortality rates and
changes in species
composition have
occurred.

Sierra Nevada, Ozone Foliar injuries include Direct ozone-induced foliar injuries. EPA, 1996a;
California chlorotic mottle, tip Peterson and

necrosis, premature The Sierra Nevada contains the largest forest area Arbaugh, 1992;
senescence of in the world with documented damage from a non- NAPAP, 1991;
needles, and point source pollutant but ozone exposure and Miller and Millecan,
increased needle injuries are not as severe as in the San Bernardino 1971 
abscission. Mountains. Visible ozone-induced foliar injuries

were first documented in the early 1970s.
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Affected Forest Type Region Major Air Documented Visual Suspected Mechanisms of Injury Sources
/ Species Pollutants Injuries

Spruce-Fir Forest / High elevation Acidic deposition Foliar dieback, bud Acidic deposition increases  the susceptibility of red EPA, 1995a;
Red Spruce areas in the (esp. acidic cloud injury, foliar loss, spruce to  winter injury (freezing). Johnson et al.,

northern water), and ozone Elevated mortality A dramatic increase in the frequency of winter injury 1992; DeHayes,
Appalachians. rates. in red spruce stands occurred in the late 1950s and 1992;

1960s, coincident with a significant increase in the NAPAP, 1991
emissions of precursors of acidic deposition.

High elevation Acidic deposition Crown thinning and Acidic deposition leads to nutrient imbalances EPA, 1995a;
areas in the (esp. acidic cloud pockets of high red through accelerated foliar leaching and soil Johnson et al.,
southern water) and ozone spruce mortality have acidification. Soil acidification is characterized by a 1992; Johnson and
Appalachians. been detected on a loss of soil nutrient cations and occurrence of toxic Fernandez, 1992;

few mountain sites. aluminum levels. Also: direct foliar injuries caused Cook and Zedaker,
Ozone-induced foliar by ozone. 1992; NAPAP,
injury. 1991

Eastern Hardwood Northeastern US Acidic deposition Crown thinning, Acidic deposition leads to nutrient imbalances USFS, 1995b;
Forest / Sugar Maple and Canada and ozone branch dieback, through accelerated foliar leaching and soil EPA, 1995a;

elevated mortality acidification. Soil acidification is characterized by a NAPAP, 1991 
rates loss of soil nutrient cations and occurrence of toxic

aluminum levels.
During 1980s sugar maple declined in many stands
in the northeastern US and Canada.  Involvement of
acidic deposition in sugar maple decline has not
been demonstrated but cannot be ruled out.
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Adirondacks (NY)

Green Mountains (VT)

White Mountains (NH)

Maine

Mt. Rogers (VA)

Mt. Mitchell (NC)
Great Smoky
Mountains

Eastern Spruce/Fir Forest

Eastern Hardwood Forest

Sierra and Los Angeles Basin Ecosystem

Sierra
Navada

(CA)

San Bernadino
Mountains (CA)

Note: Only areas affected by non-point pollution are shown.  Scientific certainty varies with location.  Direct ozone-induced 
injuries also occur in several other locations not indicated (e.g., Southern Forests, Berraug et al, 1995).
Sources: NAPAP, 1991 and White and Cogbill, 1992.

Figure E-9
U.S. Major Forest Types Affected by Air Pollution-Induced Visual Injuries



The Benefits and Costs of the Clean Air Act, 1990 to 2010

E-58

'HVSLWH# OLPLWDWLRQV# LQ#GHWHFWLQJ#WUHQGV# LQ#IRUHVW 3HWHUVRQ# HW# DO1# +4<;:,# XVHG# WKH# FRQWLQJHQW
KHDOWK#DQG#DVVRFLDWHG#FDXVDO#DJHQWV/# LW# LV#SRVVLEOH#WR YDOXDWLRQ# +&9,# PHWKRG# DQG# D# KHGRQLF# SURSHUW\
LGHQWLI\#DUHDV#LQ#WKH#86#WKDW#FRQWDLQ#IRUHVWV#NQRZQ#RU YDOXDWLRQ#PRGHO# WR# HVWLPDWH# ZLOOLQJQHVV# WR# SD\# WR
VXVSHFWHG# WR# H[SHULHQFH# YLVXDO# # LQMXULHV1# # )RUHVWV DYRLG# R]RQH0LQGXFHG# IRUHVW# GDPDJH# LQ# WKH# /RV
DIIHFWHG#E\#KLJK#FRQFHQWUDWLRQV#RI#DLU#SROOXWDQWV#LQ#WKH $QJHOHV# DUHD1# # 7KLV# FRQWLQJHQW# YDOXDWLRQ# VXUYH\
YLFLQLW\# RI# SRLQW# VRXUFHV#PD\# SURYLGH# XVHIXO# FDVH LQYROYHG#WZR#VDPSOHV=#RQH#PDGH#XS#RI#UHFUHDWLRQDOLVWV
VWXGLHV#EHFDXVH#FDXVH#DQG#HIIHFW#UHODWLRQVKLSV#PD\#EH LQ#WKH#JUHDWHU#/RV#$QJHOHV#DUHD/#DQG#WKH#VHFRQG#PDGH
HDVLHU# WR# HVWDEOLVK# DQG#YLVXDO# LQMXULHV# FDQ#EH# VHYHUH XS# RI# LQGLYLGXDOV#ZKR# RZQHG# SURSHUW\#ZLWKLQ# WKH
HQRXJK# WR# FDXVH# VLJQLILFDQW# DHVWKHWLF# LPSDFWV1# ,Q ERXQGDULHV# RI# WKH# 6DQ# %HUQDUGLQR# DQG# $QJHOHV
SDUWLFXODU/# SRLQW# VRXUFHV# FDQ# OHDG# WR# ZHOO0GHILQHG 1DWLRQDO#)RUHVWV1# #(DFK#JURXS#ZDV# VKRZQ#D# VHW#RI
FRQFHQWUDWLRQ#JUDGLHQWV# LQ# WKH#SUHYDLOLQJ#GRZQZLQG SKRWRJUDSKV#GHSLFWLQJ#YDU\LQJ#GHJUHHV#RI#YHJHWDWLYH
GLUHFWLRQ# FDXVLQJ# FRUUHVSRQGLQJ# JUDGLHQWV#RI# YLVXDO GDPDJH1##0HDQ#:73#E\#UHFUHDWLRQDOLVWV#DQG#UHVLGHQWV
LQMXULHV#+6PLWK/#4<<3>#1$3$3/#4<;:,1## ZHUH# IRXQG# WR#EH# DSSUR[LPDWHO\# '76# DQG# '46:#SHU

,Q# FRQWUDVW/# FRQFHQWUDWLRQV# RI# UHJLRQDOO\ UHYHDOHG# D# VLJQLILFDQW# DQG# SRVLWLYH#:73# WR# DYRLG
GLVWULEXWHG# DLU# SROOXWDQWV# +H1# J1/# R]RQH# DQG# DFLGLF KRPHV# ORFDWHG# LQ# IRUHVWHG# DUHDV# H[KLELWLQJ# R]RQH
GHSRVLWLRQ,/# FDQ# EH# IDLUO\# XQLIRUP# RYHU# ODUJH GDPDJH1# #8VLQJ# WKHVH# WZR#PHWKRGV/# WRWDO# GDPDJHV
JHRJUDSKLF# DUHDV1# 9LVXDO# V\PSWRPV# FDQ# EH# PRUH UHVXOWLQJ# IURP# WKH# FXUUHQW# OHYHOV#RI#R]RQH# LQGXFHG
LQWHQVH#LQ#WKH#YLFLQLW\#RI#XUEDQ#DUHDV#RU#LQGXVWULDO#VLWHV IRUHVW# LQMXU\#ZHUH#HVWLPDWHG#WR#EH#EHWZHHQ#'64#DQG
EXW#PD\#QRW#EH# OLPLWHG# WR# WKHVH# UHJLRQV# +1$3$3/ '494#PLOOLRQ#SHU#\HDU1#7KH#VWXG\#DXWKRUV#UHMHFWHG#D
4<;:,#PDNLQJ#LW#PRUH#GLIILFXOW#WR#HVWDEOLVK#FDXVH0DQG VLJQLILFDQW#SHUFHQWDJH#RI# UHVSRQVHV# DV# %SURWHVW%#RU
HIIHFW#UHODWLRQVKLSV1#'HVSLWH#GLIILFXOWLHV#LQ#HVWDEOLVKLQJ %LQFRQVLVWHQW%#ELGV#+73#SHUFHQW,/#ZKLFK#ZRXOG#LQGLFDWH
FDXVH0DQG0HIIHFW# UHODWLRQVKLSV/# DOO# LGHQWLILHG# IRUHVW WKDW#PDQ\#UHVSRQGHQWV#PD\#QRW#KDYH#XQGHUVWRRG#RU
HFRV\VWHPV# OLNHO\# WR# KDYH# H[SHULHQFHG# DLU DFFHSWHG# WKH# VFHQDULR# DQG# WKH# FRPPRGLW\# EHLQJ
SROOXWLRQ0LQGXFHG#YLVXDO#LQMXULHV#LQ#UHFHQW#KLVWRU\#DUH YDOXHG1# #$SDUW# IURP# WKLV/# WKH# VWXG\# DOVR# GRHV# QRW
DIIHFWHG#E\#UHJLRQDOO\#GLVWULEXWHG#DLU#SROOXWDQWV1 DGGUHVV#D#VHULHV#RI#FRQFHUQV#UHODWHG#WR#WKH#DSSOLFDWLRQ

Economic Value of Changes 
in Forest Aesthetics

7KRXJK#VWXGLHV#WKDW#DWWHPSW#WR#HVWLPDWH#WKH#YDOXH
RI# FKDQJLQJ# DHVWKHWLFV# DUH# OLPLWHG# LQ# QXPEHU# DQG
VFRSH/# WKH\# GR# VXJJHVW# WKDW# SHRSOH# YDOXH# IRUHVW
DHVWKHWLFV#DQG#FKDQJH#RXWGRRU#UHFUHDWLRQDO#EHKDYLRU
DFFRUGLQJ#WR#WKH#TXDOLW\#RI#IRUHVW#KHDOWK#LQ#UHFUHDWLRQDO
DUHDV1##7KH#VKHDU#YROXPH#RI#IRUHVW0EDVHG#UHFUHDWLRQ#LQ
WKH#8QLWHG#6WDWHV#VXJJHVWV#WKDW#LPSURYHPHQWV#LQ#IRUHVW
DHVWKHWLFV# FRXOG# UHVXOW# LQ# VXEVWDQWLDO# EHQHILWV1# #)RU
H[DPSOH/#WKH#8QLWHG#6WDWHV#)RUHVW#6HUYLFH#UHSRUWV#WKDW
UHFUHDWLRQ# YLVLWRU# GD\V# WR# QDWLRQDO# IRUHVWV# KDYH
LQFUHDVHG#RYHU#WKH#ODVW#WHQ#\HDUV#IURP#583#PLOOLRQ#WR
RYHU# 683#PLOOLRQ1#:LWK# WKH# SRWHQWLDO#PDJQLWXGH# RI
DJJUHJDWHG#LQGLYLGXDO#SUHIHUHQFHV#LQ#PLQG/#ZH#UHYLHZ
VHYHUDO# VWXGLHV# WKDW# UHODWH# LQGLYLGXDO# SUHIHUHQFH# IRU
IRUHVWV#ZLWK#UHVSHFW#WR#RYHUDOO#DSSHDUDQFH#DQG#DWWHPSW
WR#H[WHQG#WKHVH#DQDO\VHV#WR#WKRVH#UHJLRQV#ZKHUH#IRUHVWV
DUH#PRVW#DIIHFWHG#E\#DLU#SROOXWLRQ1

KRXVHKROG#SHU#\HDU/#UHVSHFWLYHO\1##7KH#KHGRQLF#DQDO\VLV

RI# &9# WR# DVVHVV# QRQXVH# YDOXHV1# # )LUVW/# WKH# VXUYH\
LQVWUXPHQW# GLG# QRW# LQFOXGH# UHPLQGHUV# RI# EXGJHW
FRQVWUDLQWV#RU#VXEVWLWXWH#JRRGV#DQG#VHUYLFHV1##6HFRQG/
WKH#VXUYH\#GLG#QRW#FOHDUO\#GHILQH#WKH#FRPPRGLW\1##7KH
:73# VFHQDULR# GLG# QRW# FOHDUO\# LQGLFDWH# KRZ# IRUHVW
GDPDJHV#ZHUH#WR#EH#PLWLJDWHG1

:DOVK# HW#DO1# # +4<<3,# LQWHUYLHZHG#533# LQGLYLGXDOV
UHSUHVHQWLQJ#WKH#JHQHUDO#SRSXODWLRQ#RI#&RORUDGR#DQG
ZHUH# VKRZQ# WKUHH# FRORU# SKRWRJUDSKV# UHSUHVHQWLQJ
WKUHH# OHYHOV#RI#IRUHVW#TXDOLW\1# #7KH#PLG0OHYHO#TXDOLW\
ZDV#VDLG#WR#UHSUHVHQW#WKH#SUHVHQW#VWDWH#RI#WKH#IRUHVW
+433#WR#458#OLYH#WUHHV#PHDVXULQJ#PRUH#WKDQ#VL[#LQFKHV
LQ# GLDPHWHU# DW# EUHDVW# KHLJKW# +GEK,# SHU# DFUH,1
5HVSRQGHQWV#ZHUH#DVNHG# WKHLU#:73# WR#SUHYHQW# WKH
ORZHVW#VWDWH#+]HUR#WR#83#OLYH#WUHHV#PHDVXULQJ#PRUH#WKDQ
VL[# LQFKHV#GEK#SHU#DFUH,#DQG#DWWDLQ#WKH#KLJKHVW#VWDWH
+458# WR# 4:8# WUHHV# SHU# DFUH# LQ# WKLV# VL]H# FODVV,1# #$OO
UHVSRQGHQWV# ZHUH# LQIRUPHG# EHIRUHKDQG# WKDW# WKH
GDPDJH# EHLQJ# YDOXHG# ZDV# GXH# WR# SLQH# EHHWOH# DQG
VSUXFH# EXGZRUP# LQIHVWDWLRQV1# # 0HDQ# :73# SHU
UHVSRQGHQW#ZDV#HVWLPDWHG#WR#EH#'7:1#$Q#HYDOXDWLRQ#RI
WKH#:DOVK#HW#DO# +4<<3,#VWXG\#UHYHDOV#VHYHUDO#QRWDEOH
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VWUHQJWKV1##7KH#VXUYH\#LQFOXGHG#UHPLQGHUV#RI#EXGJHW H[WHQG#WKH#UDQJH#RI#YDOXDWLRQ#HVWLPDWHV#SURYLGHG# LQ
FRQVWUDLQWV/#DQG#WKH#DXWKRUV#HQVXUHG#WKDW#UHVSRQGHQWV 3HWHUVRQ#+4<;:,>#:DOVK#HW#DO1#+4<<3,>#DQG#+ROPHV#DQG
ZHUH#IDPLOLDU#ZLWK#WKH#FRPPRGLW\#EHLQJ#YDOXHG#DQG .UDPHU# +4<<9,# WR# WKH# PDMRU# UHJLRQV# RI# DIIHFWHG
ZHUH#DFFXVWRPHG# WR#SD\LQJ# IRU#DFFHVV# WR#UHFUHDWLRQ ODQGVFDSH#LQ#WKH#8QLWHG#6WDWHV1##:H#GR#QRW#HVWLPDWH
VLWHV#ZLWK#JRRG#IRUHVW#TXDOLW\1##2QO\#ILYH#SHUFHQW#RI#WKH DHVWKHWLF#YDOXH#DV#D#IXQFWLRQ#RI#IRUHVW#GDPDJH#IURP
UHVSRQVHV#ZHUH#UHMHFWHG#DV#%SURWHVW%#RU#%ODUJH%#ELGV1 YDU\LQJ#OHYHOV#RI#DLU#SROOXWLRQ/#EXW#UDWKHU#SURYLGH#DQ
:HDNQHVVHV#RI#WKH#VWXG\#LQFOXGH#D#VPDOO#VDPSOH#VL]H HVWLPDWH#RI# WKH#YDOXHV#SODFHG#RQ#DYRLGLQJ#GDPDJHV
+4<;,/# LQFRQVLVWHQF\# EHWZHHQ# UHVXOWV# VROLFLWHG# XVLQJ FKDUDFWHULVWLFDOO\#H[SHULHQFHG#GXULQJ#WKH#4<;3V#LQ#WKH
GLIIHUHQW#TXHVWLRQ#IRUPDWV#+LWHUDWLYH#ELGGLQJ#YV1#GLUHFW 8QLWHG#6WDWHV1
TXHVWLRQ,/#DQG#SRWHQWLDO#ELDVHV#DWWULEXWDEOH#WR#IUDPLQJ
WKH# TXHVWLRQ# DV# RQH# RI# WKH#PRVW# LPSRUWDQW# LVVXHV ,Q#7DEOH#(056#ZH#SUHVHQW# WKH# UHVXOWV# IURP# WKH
DIIHFWLQJ#&RORUDGR#UHVLGHQWV#DQG#WKH#SRVVLELOLW\#RI#D WKUHH#VWXGLHV1##:H#EDVH#RXU#FDOFXODWLRQV#RI#EHQHILWV#RQ
%ZDUP#JORZ%#DIIHFW#FRQFHUQLQJ#SD\PHQW#IRU#D#VRFLDO WKH#YDOXH#SHU#KRXVHKROG#RI#DYRLGLQJ#IRUHVW#GDPDJHV
FDXVH1 PXOWLSOLHG#E\#WKH#QXPEHU#RI#KRXVHKROGV#LQ#WKH#VWXG\

+ROPHV# HW# DO# +4<<5,# XVHG# D# &9# VXUYH\# WR
GHWHUPLQH# :73# WR# SURWHFW# WKUHDWHQHG# VSUXFH0ILU ,Q# 7DEOH# (057# ZH# SUHVHQW# WKH# UHVXOWV# RI# DQ
IRUHVWV# LQ#6RXWKHUQ#$SSDODFKLD# IURP# LQVHFW# DQG# DLU LOOXVWUDWLYH#FDOFXODWLRQ#WKDW#H[WHQGV#WKH#%PDUNHW%#IRU
SROOXWLRQ#GDPDJH1##,Q#WKLV#VWXG\/#UHVLGHQWV#ZLWKLQ#833 WKLV#FRPPRGLW\# WR#D#EURDGHU#JURXS#RI#KRXVHKROGV1
PLOHV# RI# $VKHYLOOH/#1&# ZHUH# VXUYH\HG# DERXW# WKHLU 7KH#DQQXDO#YDOXH#RI#DYRLGLQJ#WKH#IRUHVW#GDPDJHV#LV#WKH
ZLOOLQJQHVV# WR#SD\# WR#HOLPLQDWH#GDPDJHV# WR# UHJLRQDO SURGXFW#RI#WKH#UDQJH#RI#KRXVHKROG#YDOXHV#LQ#7DEOH#(0
VSUXFH0ILU# IRUHVWV1# # 7KH# DXWKRUV# XVHG# WZR# VXUYH\ 56#DQG#WKH#WRWDO#QXPEHU#RI#KRXVHKROGV#LQ#WKH#VWDWHV
IRUPDWV/# GLVFUHWH# FKRLFH# DQG# SD\PHQW# FDUGV1# # 7KH PRVW#DIIHFWHG#E\#DLU#SROOXWLRQ1
PHDQ#ZLOOLQJQHVV#WR#SD\#IRU#SURWHFWLQJ#WKH#VSUXFH0ILU
IRUHVWV#ZDV#'531;9#XVLQJ#WKH#SD\PHQW#FDUG#PHWKRG/
DQG# '<<18:# XVLQJ# WKH# GLVFUHWH# FKRLFH#PHWKRG1#7KH
VWXG\# HQVXUHG# WKDW# WKH# VDPSOH# KDG# DGHTXDWH
NQRZOHGJH#RI#WKH#FRPPRGLW\#EHLQJ#YDOXHG/#DQG#WKH
RYHUDOO#VDPSOH#VL]H#ZDV#ODUJH1##8QIRUWXQDWHO\/#VHYHUDO
ZHDNQHVVHV#DULVH# IURP# WKH# IDFW# WKDW# WKH#VDPSOH#ZDV
GLYLGHG# LQWR# WZR# JURXSV# LQ# RUGHU# WR# WHVW# GLIIHUHQW
VXUYH\#IRUPDWV1##7KH#VWXG\#XVHG#D#VPDOO#VDPSOH#VL]H
IRU# HDFK# RI# WKH# WHVWHG# PHWKRGV# +565# DQG# 569/
UHVSHFWLYHO\,1##7KH#QXPEHU#RI#SURWHVW#ELGV#ZDV#VPDOO
+:# WR# 43# SHUFHQW,/# LQGLFDWLQJ# WKDW# WKH# UHVSRQGHQWV
XQGHUVWRRG#WKH#IXQFWLRQ#RI#WKH#VXUYH\/#EXW#WKH#ILQDO
UHVXOWV#JHQHUDWHG#E\#WKH#WZR#GLIIHUHQW#PHWKRGV#ZHUH
VXEVWDQWLDOO\#GLIIHUHQW1##7KLV#VWXG\#ZDV#ODWHU#UHYLVHG#LQ
+ROPHV#DQG#.UDPHU# +4<<9,/#ZKHUH#WKH#UHVXOWV#ZHUH
SXEOLVKHG#DV#PHDQ#ZLOOLQJQHVV# WR#SD\#RI# '69155# IRU
IRUHVW#XVHUV/#DQG#'4316:#IRU#QRQXVHUV1

Extending Economic Estimates to a
Broader Area

7KHVH#VWXGLHV#SURYLGH#DQ# LQFRPSOHWH#SLFWXUH#RI
WKH#WRWDO#EHQHILWV#WKDW#FRXOG#EH#REWDLQHG#E\#HOLPLQDWLQJ
YLVXDO#GDPDJHV#WR#IRUHVWV#DVVRFLDWHG#ZLWK#DLU#SROOXWLRQ
LQ# WKH# FRXQWU\1# # $V# DQ# LOOXVWUDWLYH# FDOFXODWLRQ/# ZH

UHJLRQ1##
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Table E-23
Summary of Monetized Estimates of the Annual Value of Forest Quality Changes

Study Change Valued Dollars) (1990 Dollars) (Current Dollars) Dollars)
Aesthetic (Current Household Change for Region Region (1990

Value of Total Annual
Change per Value of Value of
Household Change per Total Annual Value of Change for

i i

Peterson et Ozone damage to $6.31-$32.70 $7.26-$37.62 $27-$140 million $31-$161million
al. (1987) San Bernardino

and Angeles
National Forests

ii

Walsh et al. Visual damage to $47 $61.68 $55.7 million $73.09 million
(1990) Colorado’s Front

Range

Holmes and Visual damage to $10.81 $10.37 NA NA
Kramer spruce-fir forests nonusers nonusers
(1996) in southern

Appalachia $36.22 users $34.76 users

Note: i.) Values adjusted using all item Consumer Price Index, Economic Report of the President, 1998. Years for current dollar
estimates: Peterson et al, 1987; Walsh et al, 1983; Holmes et al, 1991.
ii) Based on 4.3 million households in Los Angeles, Orange, and San Bernardino counties.
iii) Assumes 2.5 million households in North Carolina and 1.8 million in Tennessee.

Table E-24
Illustrative Value of Avoiding Forest Damage in the United States
(1990 Dollars)

Affected States Value per Estimated Total Value
System Included Household Households Annual Value (1990-2010)i ii

Cumulative

iii

Sierra Nevada CA $7.26-$37.62 10.4 million $75.5 million -$391.2 $1.02 billion -
and Los million $5.27 billion
Angeles Basin

Eastern Spruce ME, VT, NH, $7.26-$37.62 23.2 million $168 million - $872.8 $2.27 billion -
Fir and MA, NY, PA, million $11.75 billion
Selected WV, TN,
Eastern KY, NC, VA
Hardwood

Notes: i.) Household data from 1990 Census; ii) Total Value = Households x Value per Household; iii)Assumes a 5 percent real
discount rate.

7KH#UHVXOWV#RI#H[LVWLQJ#ZRUN#LQ#WKLV#DUHD#VXJJHVW DVVRFLDWHG#HFRQRPLF#EHQHILWV#GHULYHG#IURP#LPSURYHG
WKDW#LPSURYHPHQWV#LQ#DLU#SROOXWLRQ#FRQWUROV#UHVXOW#LQ IRUHVW#DHVWKHWLFV1
SRVLWLYH# FKDQJHV# LQ# WKH# DHVWKHWLF# TXDOLW\# RI# IRUHVW
VWDQGV1#3ROOXWDQW#FRQWURO#SURYLVLRQV#RI#WKH#4<:3#&$$ 2XU#LOOXVWUDWLYH#FDOFXODWLRQ#RI#WKH#UHJLRQDO#HIIHFWV
DQG#WKH#4<::#&$$$/#IRU#H[DPSOH/#PD\#KDYH#UHVXOWHG RI# LPSURYLQJ# WKH# DHVWKHWLF# TXDOLW\#RI# IRUHVW# VWDQGV
LQ# D# VLJQLILFDQW# GHFUHDVH# RU# HOLPLQDWLRQ# RI# IRUHVWV +7DEOH#(057,#OLNHO\#RYHUVWDWHV#WKH#H[WHQW#RI#PDUNHW#IRU
YLVXDOO\#DIIHFWHG# LQ#WKH#YLFLQLW\#RI#HPLVVLRQ#VRXUFHV1 WKLV#FRPPRGLW\1##(VWLPDWHV#SUHVHQWHG#LQ#7DEOH#(056/
)XUWKHU# UHGXFWLRQV# LQ# DLU# SROOXWLRQ# HPLVVLRQV KRZHYHU/#EDVHG#RQ#D#PRUH#FRQVHUYDWLYH#DSSOLFDWLRQ#RI
PDQGDWHG# E\# WKH# 4<<3# &$$$# VKRXOG# UHVXOW# LQ WKH#H[WHQW#RI#PDUNHW#IRU#WKLV#FRPPRGLW\/#SURYLGH#D
DGGLWLRQDO# LPSURYHPHQWV# LQ# IRUHVW# KHDOWK# DQG EHWWHU#EDVLV#WR#HVWLPDWLQJ#WKH#RUGHU#RI#PDJQLWXGH#RI
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WKLV#FDWHJRU\#RI#HIIHFWV#RI#DLU#SROOXWLRQ#RQ#HFRV\VWHP LQFOXGH#GLIILFXOWLHV#GHWHFWLQJ#WUHQGV#LQ#IRUHVW
KHDOWK1##&RQVLGHULQJ#RQO\#WKH#3HWHUVRQ#HW#DO1#DQG#:DOVK KHDOWK#LQ#JHQHUDO/#DWWULEXWLQJ#FKDQJHV#LQ#IRUHVW
HW#DO1#VWXGLHV/#FRQGXFWHG#LQ#WZR#DUHDV#WKDW#KDYH#EHHQ KHDOWK#WR#VSHFLILF#IDFWRUV#VXFK#DV#DLU#SROOXWLRQ/
VKRZQ# LQ# SUHYLRXV# DVVHVVPHQWV# WR# EH# DIIHFWHG# E\ DQG# HVWDEOLVKLQJ# YDOLG# GRVH0UHVSRQVH
DFFXPXODWHG#DLU#SROOXWLRQ#GDPDJHV/#HVWLPDWHV#RI#WKH UHODWLRQVKLSV# RI# IRUHVW# H[SRVXUH# WR# DLU
WRWDO#DQQXDO#YDOXH#RI# LPSURYHPHQWV# LQ#WKH#DHVWKHWLF SROOXWDQWV#DQG#UHVXOWLQJ#YLVXDO#LQMXULHV1
TXDOLW\# RI# IRUHVWV# DUH# LQ# WKH# '433#PLOOLRQ# WR# '583
PLOOLRQ#UDQJH1 & 7KH# W\SHV#RI# DHVWKHWLF# GHWHULRUDWLRQ# LQ# WKH

Caveats and Uncertainties

7R#TXDQWLWDWLYHO\#DVVHVV#WKH#HIIHFWV#RI#DLU#SROOXWLRQ
HPLVVLRQ# UHGXFWLRQV# RQ# IRUHVW# DHVWKHWLF# EHQHILWV/
FRQVLGHUDEOH# DPRXQWV# RI# KLJK0TXDOLW\# GDWD# DUH
UHTXLUHG1# 7KHVH# GDWD# LQFOXGH# H[WHQVLYH# ORQJ0WHUP
PRQLWRULQJ# QHWZRUNV# SURGXFLQJ# FRQVLVWHQW# DQG
FRPSDUDEOH#LQIRUPDWLRQ#RYHU#WLPH#IUDPHV#DV#ORQJ#DV
VHYHUDO# GHFDGHV1# ,Q# DGGLWLRQ/# LQMXULHV# FDSWXUHG# E\
PRQLWRULQJ#QHWZRUNV#KDYH#WR#EH#OLQNHG#WR#WKH#FDXVDO
DJHQW+V,/#D#WDVN#WKDW#LV#FXUUHQWO\#DVVRFLDWHG#ZLWK#KLJK
IDFWRUV# RI# XQFHUWDLQW\1# 2QO\# UDUHO\/# LI# HYHU/# LV# DLU
SROOXWLRQ# WKH#RQO\# IDFWRU#QHJDWLYHO\# DIIHFWLQJ# IRUHVW
KHDOWK1#7\SLFDOO\/#D#YDULHW\#RI#DGYHUVH#HQYLURQPHQWDO
IDFWRUV# DFW# V\QHUJLVWLFDOO\# WR# LQGXFH# LQMXULHV/
FRQVLGHUDEO\#OLPLWLQJ#RXU#DELOLW\#WR#GHWHFW##DLU#SROOXWLRQ
DV# RQH# RI# WKH# IDFWRUV# FDXVLQJ# LQMXU\# DQG# WR
TXDQWLWDWLYHO\#DVVHVV#WKH#DPRXQW#RI#LQMXULHV#DWWULEXWDEOH
WR#DLU#SROOXWDQWV1####

7KHUH#DUH#FDYHDWV#WR#WKH#XVH#RI#EHQHILWV#WUDQVIHU#LQ
WKLV# FRQWH[W1# # 7KH# DSSOLFDWLRQ# RI# WKLV# PHWKRG# LV
LQWHQGHG#WR#SURYLGH#DQ#RUGHU#RI#PDJQLWXGH#HVWLPDWH#RI
WKH#EHQHILWV#DVVRFLDWHG#ZLWK#DYRLGHG#DHVWKHWLF#GDPDJHV
WR# IRUHVWV# LQ#WKH#8QLWHG#6WDWHV1# #0RUH#VRSKLVWLFDWHG
HVWLPDWLRQ#PHWKRGV#ZLOO#EH#UHTXLUHG#LI#D#WUXO\#DFFXUDWH
HVWLPDWH# RI# YDOXH/# HVSHFLDOO\# WKH#PDUJLQDO# YDOXH# RI
LQFUHPHQWDO#FKDQJHV/#LV#WR#EH#GHULYHG1##)ROORZLQJ#LV#D
VXPPDU\#RI#WKH#FDYHDWV#WR#XVLQJ#WKLV#DSSURDFK1

& 7KH#LPSDFWV#WKDW#ZH#YDOXH#DUH#QRW#HTXLYDOHQW
WR#WKRVH#DYRLGHG#WKURXJK#WKH#LPSOHPHQWDWLRQ
RI#WKH#&$$$/#WKH\#DUH#KLVWRULFDO#HIIHFWV1##$
FRPSUHKHQVLYH# DVVHVVPHQW# RI# IRUHVW
DHVWKHWLFV0UHODWHG# EHQHILWV# DVVRFLDWHG# ZLWK
LPSURYHPHQWV# LQ# DLU# TXDOLW\# LV# OLPLWHG# E\
VLJQLILFDQW#IDFWRUV#RI#XQFHUWDLQW\#RFFXUULQJ#LQ
ERWK# WKH#QDWXUDO#VFLHQFH#FRPSRQHQW#RI# WKH
DVVHVVPHQW# DQG# WKH# HFRQRPLF# DQDO\VLV1
)DFWRUV# RI# XQFHUWDLQW\# LQ# QDWXUDO# VFLHQFHV

RULJLQDO#VWXGLHV#DUH#QRW#QHFHVVDULO\#WKH#VDPH
DV#WKRVH#H[SHULHQFHG#LQ#RWKHU#UHJLRQV1##7KH
QDWXUH#RI# IRUHVW#DHVWKHWLF#GHWHULRUDWLRQ#ZLOO
YDU\#+H1J1#WKH#\HOORZLQJ#RI#FRQLIHU#QHHGOHV#YV1
J\SV\#PRWK#GHIROLDWLRQ#RI#KDUGZRRGV,#DV#ZLOO
WKH#LQWHQVLW\1

& :H#GR#QRW#IXOO\#DVVHVV#WKH#UDQJH#RI#SRWHQWLDO
VXEVWLWXWHV#IRU#WKH#DHVWKHWLF#KHDOWK#RI#UHJLRQDO
IRUHVWV# WR# HDFK# KRXVHKROG1# #+DYLQJ# UHDG\
VXEVWLWXWHV#FRXOG# ORZHU# WKH#YDOXH#D#VSHFLILF
KRXVHKROG#PLJKW#SODFH#RQ#DHVWKHWLF#TXDOLW\#RI
UHJLRQDO#IRUHVWV1

& 7KH#GLVWLQFWLRQ#EHWZHHQ#PDUJLQDO#YDOXHV#IRU
IRUHVW#KHDOWK#DQG#DYHUDJH#YDOXH#LV#QRW#PDGH1
$V# PDUJLQDO# YDOXHV# IRU# FKDQJHV# LQ# IRUHVW
KHDOWK# GLYHUJH# IURP# WKH# DVVXPHG# DYHUDJH
YDOXH# LQ#WKLV#DQDO\VLV/#WKH#HVWLPDWHV#GHYHORS
ELDV1

& :H# DVVXPH# WKDW# GLIIHUHQFHV# LQ# DYHUDJH
UHJLRQDO#LQFRPH#GR#QRW#DIIHFW#HVWLPDWHV1

Toxification of Freshwater
Fisheries

7KH#SXUSRVH#RI# WKLV# VHFWLRQ# LV# WR# DVVHVV/# IURP
4<<3# WKURXJK#5343/# WKH#HFRORJLFDO#EHQHILWV# OLNHO\# WR
DFFUXH# DV# D# FRQVHTXHQFH# RI# UHGXFWLRQV# LQ# WKH
HPLVVLRQV# RI# KD]DUGRXV# DLU# SROOXWDQWV# ++$3V,/# DV
PDQGDWHG#E\#WKH#&$$$1##7LWOH#,,,#RI#WKH#&$$$#OLVWV
4;<# FKHPLFDOV# FRQVLGHUHG# WR# EH#+$3V1# # ,GHDOO\/# D
FRPSUHKHQVLYH# HFRQRPLF# DQDO\VLV#RI# WKH# HFRORJLFDO
EHQHILWV# RI# &$$$0PDQGDWHG# UHGXFWLRQV# LQ# +$3
HPLVVLRQV#ZRXOG#LQFOXGH#DQDO\VHV#IRU#DOO#VHUYLFH#IORZV
SRWHQWLDOO\# DIIHFWHG# E\# WKH# HPLVVLRQV# RI# +$3V1
+RZHYHU/# D#EURDG#TXDQWLWDWLYH# DQDO\VLV#RI# DOO# WKHVH
EHQHILWV# LV# QRW# \HW# VFLHQWLILFDOO\# SRVVLEOH1# #:KDW# LV
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SRVVLEOH#LV#D#TXDOLWDWLYH#DQDO\VLV#RI#WKH#OLNHO\#EHQHILWV#RI
UHGXFHG#+$3#HPLVVLRQV#IRU#UHFUHDWLRQDO#ILVKLQJ1# #$ $FFRUGLQJ#WR#WKH#8161#)LVK#DQG#:LOGOLIH#6HUYLFH
PRUH#GHWDLOHG#GHVFULSWLRQ#RI#WKLV#DQDO\VLV#LV#IRXQG#LQ +4<<;,/#WKH#WRWDO#QXPEHU#RI#DGYLVRULHV#LQ#WKH#8161#LQ
(FRQRPLF# %HQHILWV# RI# 'HFUHDVHG# $LU# 7R[LFV# 'HSRVLWLRQ 4<<:#ZDV# 5/5<</# LQFUHDVLQJ# ILYH#SHUFHQW# IURP# 4<<91
$WWULEXWDEOH# WR# WKH# 4<<3# &OHDQ# $LU# $FW# $PHQGPHQWV/ 7KH# QXPEHU# RI# ZDWHU# ERGLHV# XQGHU# DGYLVRU\
4<<305343#+,(F#4<<;G,1 UHSUHVHQWV#4918#SHUFHQW#RI#WKH#QDWLRQ*V#WRWDO#ODNH#DFUHV

Impacts of Toxic Air Emissions

)LYH#+$3V/#PHUFXU\/#3&%V/#FKORUGDQH/#GLR[LQV/
DQG#''7#ZHUH#UHVSRQVLEOH#IRU#QHDUO\#<8#SHUFHQW#RI
WKH# ILVKLQJ# DGYLVRULHV# H[WDQW# LQ# 4<<8# +(3$# 4<<9E,1
7KH# XVH# RI# WKUHH# RI# WKHVH# FRPSRXQGV# +3&%V/
FKORUGDQH/# DQG#''7,#ZDV# HIIHFWLYHO\# LOOHJDO# LQ# WKH
8QLWHG#6WDWHV#SULRU#WR#4<<3#+(3$#4<<5D,/#DQG#WKHUH
DUH# FXUUHQWO\# QR# SODQV# IRU# DGGLWLRQDO# &$$$
UHJXODWLRQV# RI# WKHVH# FRPSRXQGV# +)HGHUDO# 5HJLVWHU
8QLILHG#$JHQGD# 4<<;,1# #7KH# UHPDLQLQJ# WZR#+$3V/
PHUFXU\#DQG#GLR[LQV/#DUH#WKHUHIRUH#WKH#IRFXV#RI#WKLV
DQDO\VLV1

%HFDXVH# WKH# HFRV\VWHP# UHVSRQVHV# WR# WR[LF
FRQWDPLQDWLRQ#DUH#SRRUO\#XQGHUVWRRG/#DQG#REVHUYDEOH
VHUYLFH# IORZ# LPSDFWV# DUH#GLIILFXOW# WR#PRGHO/#ZH#XVH
ILVKLQJ#DGYLVRULHV#DV#D#PHDVXUH#RI#WKH#H[WHQW#RI#WR[LF
FRQWDPLQDWLRQ1##,Q#DGGLWLRQ/#ZH#FDQ#FKDUDFWHUL]H#WKH
HFRQRPLF#LPSDFW#RI#+$3V#HPLVVLRQV#EDVHG#RQ#DOWHUHG
ILVKLQJ# EHKDYLRU# FDXVHG# E\# WR[LF# FRQWDPLQDWLRQ# RI
IUHVKZDWHU# ILVKHULHV1# # ,W# LV# LPSRUWDQW# WR# QRWH# WKDW
ILVKLQJ# DGYLVRULHV# DORQH# GR# QRW# SURYLGH# D
FRPSUHKHQVLYH# YLHZ# RI# LPSDFWV# RI# WR[LF
FRQWDPLQDWLRQ# RQ# HFRV\VWHPV/# DQG#PRUH# H[SDQVLYH
PHDVXUHV#VKRXOG#EH#H[DPLQHG#LQ#IXWXUH#UHVHDUFK1

)LVKLQJ#DGYLVRULHV#DUH# LVVXHG#E\#VWDWH#DQG# WULEDO
DJHQFLHV#ZKHQ#WKH#OHYHOV#RI#WR[LQV#LQ#WKH#WLVVXH#RI#ILVK
H[FHHG# OLPLWV# HVWDEOLVKHG#E\#ERWK# VWDWH# DQG# IHGHUDO
DXWKRULWLHV1##)LVKLQJ#DGYLVRULHV#JHQHUDOO\#WDNH#RQH#RI
IRXU#IRUPV=

& $GYLVRU\#IRU#DQ\#FRQVXPSWLRQ#E\#WKH#JHQHUDO
SRSXODWLRQ>

& $GYLVRU\# IRU# SUHJQDQW# ZRPHQ/# QXUVLQJ
PRWKHUV/#DQG#FKLOGUHQ>

& $GYLVRU\# IRU# OLPLWDWLRQ# RQ# FRQVXPSWLRQ
EDVHG# RQ# VL]H# RI# ILVK# DQG# IUHTXHQF\# RI
FRQVXPSWLRQ>#DQG

& $GYLVRU\#IRU#OLPLWDWLRQ#RQ#FRQVXPSWLRQ#IRU
VSHFLILF#VXE0SRSXODWLRQV1

DQG#;15#SHUFHQW#RI#WRWDO#ULYHU#PLOHV1#,Q#DGGLWLRQ/#433
SHUFHQW# RI# WKH# *UHDW# /DNHV# ZDWHUV# DQG# WKHLU
FRQQHFWLQJ#ZDWHUV#DQG#D#ODUJH#SRUWLRQ#RI#WKH#QDWLRQ*V
FRDVWDO# ZDWHUV# DUH# DOVR# XQGHU# DGYLVRU\1# 7KH# WRWDO
QXPEHU#RI#DGYLVRULHV#LQ#WKH#8161#KDV#VWHDGLO\#LQFUHDVHG
IRU#PHUFXU\#DQG#GLR[LQ1

0HUFXU\# LV# UHVSRQVLEOH# IRU# DSSUR[LPDWHO\# :8
SHUFHQW#RI#DOO#ILVK#FRQVXPSWLRQ#DGYLVRULHV#LQ#HIIHFW#LQ
4<<8#+(3$#4<<9E,1##0HUFXU\#IURP#SRLQW#VRXUFHV/#DV
RSSRVHG#WR#PHUFXU\#GHSRVLWHG#IURP#WKH#DWPRVSKHUH/
PD\#EH#UHVSRQVLEOH#IRU#PDQ\#RI#WKHVH#DGYLVRULHV1##7KH
ODNHV#DQG#VWUHDPV#ZLWK#DGYLVRULHV#DUH#FRQFHQWUDWHG#LQ
WKH#QRUWKHUQ#SRUWLRQV#RI#0LQQHVRWD#DQG#:LVFRQVLQ/#DV
ZHOO# DV# LQ#)ORULGD/#0LVVRXUL/# ,QGLDQD/#2KLR/#1RUWK
&DUROLQD# DQG# 1HZ# (QJODQG# +(3$# 4<<:D/# 4<<:G,1
-XGJLQJ#E\#ILVK#FRQVXPSWLRQ#DGYLVRULHV/#ILVK#PHUFXU\
OHYHOV#GR#QRW#DSSHDU#WR#EH#D#ZLGHVSUHDG#SUREOHP#LQ
WKH#UHPDLQGHU#RI#WKH#8QLWHG#6WDWHV/#DQG#(3$#+4<<:G,
IRXQG#WKDW#WKH#W\SLFDO#FRQVXPHU#HDWLQJ#SXUFKDVHG#ILVK
LV# QRW# DW# ULVN# RI# PHWK\OPHUFXU\# SRLVRQLQJ1
$SSUR[LPDWHO\# WKUHH# SHUFHQW# RI# ILVK# FRQVXPSWLRQ
DGYLVRULHV#LQ#HIIHFW#LQ#4<<8#ZHUH#GXH#WR#WKH#SUHVHQFH
RI#GLR[LQV#+(3$#4<<9E,/#DQG#LQ#4<<9/#4;#VWDWHV#KDG
RQH#RU#PRUH#ZDWHU#ERGLHV#XQGHU#DGYLVHPHQW#EHFDXVH
RI#GLR[LQ#OHYHOV#LQ#ILVK#+(3$#4<<:D,1##'LR[LQV#IURP
SRLQW#VRXUFHV#PD\#EH#UHVSRQVLEOH#IRU#PDQ\#RI#WKHVH
DGYLVRULHV1

6HYHUDO#OLPLWDWLRQV#WR#WKH#ILVK#DGYLVRU\#GDWD#H[LVW1
)LUVW/#PDQ\# ODNHV/#ULYHUV#DQG#VWUHDPV#KDYH#QRW#EHHQ
DQDO\]HG#IRU#WR[LFLW\/#DQG#LW#LV#SRVVLEOH#WKDW#DGYLVRULHV
HYHQWXDOO\#ZLOO#EH#LVVXHG#IRU#WKHVH#ZDWHU#ERGLHV1##7DEOH
(058#VXPPDUL]HV#WKH#VDPSOLQJ#LQWHQVLW\#IRU#WR[LFLW\
WKURXJK# 4<<:1# # 6HFRQG/# FXUUHQW# OHYHOV# RI# WR[LFV# LQ
ZDWHUVKHGV#PD\#UHVXOW#LQ#IXWXUH#WR[LILFDWLRQ#RI#KHDOWK\
ZDWHU#ERGLHV/#HYHQ#LQ#WKH#DEVHQFH#RI#DGGLWLRQDO#IXWXUH
+$3#GHSRVLWLRQ1##7KHUHIRUH/#WKH#FXUUHQW#VHW#RI#ILVK
DGYLVRULHV# XQGHUHVWLPDWHV# WKH# PDJQLWXGH# RI
WR[LILFDWLRQ#IURP#DLU#GHSRVLWLRQ#WR#GDWH1# #7KLUG/#WKH
SURWRFRO#IRU#ILVKLQJ#DGYLVRU\#LVVXDQFH#PD\#YDU\#IURP
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Table E-25
Summary of National Data on Toxicity Sampling for Fishing Advisories

Water Body

Percentage of Water
Bodies Assessed for

Contaminants
Percentage of Assessed Water Bodies

Under Advisory
Lakes
(acres)

11.36 78.61

Rivers and Streams
(miles)

2.41 29.58

Source: EPA 1997a

VWDWH#WR#VWDWH/#UHPRYLQJ#DQ\#FRQVLVWHQW#EDVLV#RQ#ZKLFK SURYLGH#WKH#FRPSXWDWLRQDO#PHWKRG#IRU#WKHVH#UHJLRQDO
WR#MXGJH#WKH#OHYHOV#DQG#FDXVHV#RI#ILVKHULHV*#WR[LFLW\#IRU DQDO\VHV1
HDFK#VWDWH1

Illustration of Economic Cost to Anglers

7KH#HFRQRPLF#ZHOIDUH#LPSOLFDWLRQ#RI#ZDWHU#TXDOLW\
FKDQJHV#WR#UHFUHDWLRQDO#ILVKLQJ#DUH#ZHOO#VWXGLHG1##0RVW
OLWHUDWXUH# LQ# WKLV# ILHOG# IRFXVHV# RQ# WKH# LPSDFWV# RI
GHWHULRUDWLQJ#ZDWHU#TXDOLW\#LQ#D#VSHFLILF#ILVKHU\1##0RUH
UHFHQWO\/#HFRQRPLF#PRGHOV#DUH#DSSHDULQJ#WKDW#DGGUHVV
WKH#VRFLDO#ZHOIDUH#FRVW#RI#ZDWHU#TXDOLW\#GHWHULRUDWLRQ#LQ
PXOWLSOH#ILVKHULHV#ZLWKLQ#D#UHJLRQ1##6XFK#DQ#DSSURDFK
DFFRXQWV#IRU#FKRLFHV#PDGH#E\#ILVKHUPHQ#FRQFHUQLQJ
WUDYHO#WR/#DQG#WKH#DWWULEXWHV#RI#+H1J1/#ILVK#DGYLVRULHV,/
PXOWLSOH# ILVKHULHV1# # 5DQGRP# XWLOLW\#PRGHOV# +580,

0RQWJRPHU\#DQG#1HHGHOPDQ#+4<<:,#ZHUH#WKH#ILUVW
WR#XVH#GLUHFW#ZDWHU#TXDOLW\#PHDVXUHV# LQ#FRQMXQFWLRQ
ZLWK# D# 580# DSSURDFK# WR# DQDO\]H# WKH# HFRQRPLF
LPSDFWV#RI#WR[LILFDWLRQ#RQ#UHJLRQDO#DQJOHUV1##8VLQJ#GDWD
IURP#WKH#1HZ#<RUN#'HSDUWPHQW#RI#(QYLURQPHQWDO
&RQVHUYDWLRQ# +1<'(&,/# 0RQWJRPHU\# DQG
1HHGHOPDQ# LGHQWLI\# 56# ZDWHU# ERGLHV# ZLWK# WR[LFLW\
DGYLVRULHV#DPRQJ#5/894#ODNHV#DQG#SRQGV#LQ#WKH#VWDWH1
8VLQJ#ZDWHU#TXDOLW\#GDWD#DQG#JHRJUDSKLF#ORFDWLRQ#RI
ERWK#ZDWHU#ERGLHV#DQG#DQJOHUV/#WKH#DXWKRUV#HVWLPDWH
WKH#HFRQRPLF#FRVW#RI#WKH#WR[LILFDWLRQ#ZLWKLQ#WKH#VWDWH1
7KH#UHVXOWV#DUH#SUHVHQWHG#LQ#7DEOH#(0591

Table E-26
Estimates of the Welfare Cost of Toxification in New York State 
(1990 Dollars)

Level of Toxicity Variation per Trip per Day per Season
Compensating Variation per Capita Variation per Capita

Compensating Compensating

Toxic Contamination $1.23 $0.37 $51.51
Site Closed Due to Toxic $1.69 $0.50 $70.92
Contamination
Source: Montgomery and Needelman 1997



The Benefits and Costs of the Clean Air Act, 1990 to 2010

E-64

7KH# UHVXOWV# IURP#0RQWJRPHU\# DQG#1HHGHOPDQ LQ# WKH# LVVXDQFH# RI# DGGLWLRQDO# ILVK# DGYLVRULHV1# #$Q\
LQGLFDWH# WKDW# WKH# HFRQRPLF# ZHOIDUH# LPSOLFDWLRQ# RI HIIRUWV# WR#PLQLPL]H# WKHVH# HPLVVLRQV/# LQFOXGLQJ# WKH
H[LVWLQJ# WR[LF#FRQWDPLQDWLRQ# LV# VXEVWDQWLDO# IRU#1HZ &$$$/#PD\#JHQHUDWH#FRUUHVSRQGLQJ#EHQHILWV1
<RUN#6WDWH/#DV#GHVFULEHG#EHORZ=

'316:2SHUVRQ2GD\# [# 4:/<<3/333# SHRSOH# [# 473 ILVKLQJ#DGYLVRULHV#+H1J1/#&RQQHFWLFXW/#:DVKLQJWRQ#'1&1/
ILVKLQJ#GD\V2VHDVRQ# ##'<64/;;5/3332VHDVRQ1 ,OOLQRLV/# 0DLQH/# 0DVVDFKXVHWWV/# 0LVVRXUL/# 1HZ

,Q# SHUSHWXLW\/ # WKH# YDOXH# RI# HOLPLQDWLQJ# WR[LFLW\# LQ 2KLR/#9HUPRQW,/#VXEVWLWXWLRQ#DZD\#IURP#UHFUHDWLRQDO55

1HZ#<RUN#6WDWH/#XVLQJ#D#ILYH#SHUFHQW#GLVFRXQW#UDWH/#LV ILVKLQJ#IRU#RWKHU#DFWLYLWLHV#PD\#EHJLQ#WR#RFFXU1# #1R
FDOFXODWHG#WR#EH#'4;/96:/973/3331 PRGHOV#DUH#DYDLODEOH#WR#HVWLPDWH#WKH#HFRQRPLF#LPSDFW

&OHDUO\/# WKH# UHVXOWV#XVLQJ# WKHVH#DVVXPSWLRQV#DUH ILVKLQJ1# #7KH# #580# DSSURDFK#GRHV#QRW# DGHTXDWHO\
YHU\#ODUJH1##$SSOLFDWLRQV#RI#WKLV#PRGHO#IRU#SXUSRVHV#RI FDSWXUH# WKH# PDJQLWXGH# RI# XELTXLWRXV# WR[LILFDWLRQ
HVWLPDWLQJ# WKH# HIIHFWV# RI# DLU# WR[LFV# GHSRVLWLRQ# RQ EHFDXVH# WKH# PRGHOV# PHDVXUH# RQO\# WKH# FKRLFH# WR
UHFUHDWLRQDO# ILVKLQJ#UHTXLUHV# IXUWKHU# LQYHVWLJDWLRQ#RI SDUWLFLSDWH# LQ# WKH# DFWLYLW\# DQG# QRW# WKH# ZHOIDUH
WKH#DVVXPSWLRQV#LQ#WKLV#PRGHO1 LPSOLFDWLRQV#RI#SDUWLFLSDWLRQ# LQ#DOWHUQDWLYH#DFWLYLWLHV/

-DNXV# HW# DO1# +4<<:,# FRQGXFWHG# D# VLPLODU# 580 VXSSOLHV# DQG# VHUYLFHV# WR# DQJOHUV# LQ# WKH# UHJLRQ1
DQDO\VLV# RI# WR[LILFDWLRQ# RI# UHVHUYRLUV# LQ# 7HQQHVVHH1 +RZHYHU/#WKH#HFRQRPLF#FRVW#RI#VWDWHZLGH#DGYLVRULHV
'DWD# IURP# WKH#7HQQHVVHH#9DOOH\#$XWKRULW\# VKRZHG FRXOG#EH#VXEVWDQWLDO1
ILVKLQJ#DGYLVRULHV#IRU#WZR#RI#47#UHVHUYRLUV#LQ#FHQWUDO
7HQQHVVHH/# DQG# VL[# RI# 47# UHVHUYRLUV# LQ# WKH# HDVWHUQ $OWKRXJK#0RQWJRPHU\# DQG#1HHGHOPDQ# +4<<:,
SRUWLRQ#RI#WKH#VWDWH1##$JDLQ/#XVLQJ#ZDWHU#TXDOLW\#GDWD DQG#-DNXV#HW#DO1#+4<<:,#H[DPLQHG#RQO\#WZR#DUHDV#RI#WKH
DQG#WKH#JHRJUDSKLF#ORFDWLRQV#RI#ERWK#ZDWHU#ERGLHV#DQG FRXQWU\# 0#1HZ#<RUN#6WDWH#DQG#SDUW#RI#7HQQHVVHH# 0
DQJOHUV/# -DNXV# HW# DO1# +4<<:,# HVWLPDWHG# WKH# HFRQRPLF WKHLU#ZRUN#GHPRQVWUDWHV#WKDW#+$3#HPLVVLRQV#KDYH#D
LPSDFW#RI#WKH#ILVK#FRQVXPSWLRQ#DGYLVRULHV1##$QJOHUV PHDVXUDEOH#HFRQRPLF#FRVW#ZKHQ#WKH#FRQVHTXHQFH#RI
OLYLQJ#LQ#FHQWUDO#7HQQHVVHH#VXIIHUHG#D#'4:1<5#SHU#WULS WKHVH#HPLVVLRQV#LV#WKH#LVVXDQFH#RI#ILVK#DGYLVRULHV#IRU
SHU# VHDVRQ# ORVV# IURP# WKH#DGYLVRULHV/#DQG#DQJOHUV# LQ UHFUHDWLRQDO# ILVKHULHV1# #:KLOH# LW# LV# QRW# SRVVLEOH# WR
HDVWHUQ# 7HQQHVVHH# VXIIHUHG# D# '6;15:# ORVV# +4<<3 PHDVXUH#WKH#GLIIHUHQFHV#LQ#+$3#GHSRVLWLRQ#DQG#WKH
GROODUV,1##7KHUHIRUH/#FRQVLGHULQJ#DQ#DQJOHU#SRSXODWLRQ PDUJLQDO#HFRORJLFDO#LPSDFWV#WKDW#ZLOO#UHVXOW#IURP#WKH
RI# 479/783# LQGLYLGXDOV/# WKH# LPSDFW# RI# WKLV# OHYHO# RI &$$$/#LW#LV#FOHDU#WKDW#FRQWLQXHG#HPLVVLRQV#RI#+$3V
WR[LILFDWLRQ# LQWR# SHUSHWXLW\/# XVLQJ# D# ILYH# SHUFHQW ZLOO#UHVXOW#LQ#IXUWKHU#WR[LILFDWLRQ#RI#DTXDWLF#UHVRXUFHV/
GLVFRXQW#UDWH/#LV#DSSUR[LPDWHO\#'981<9#PLOOLRQ1 DQG# UHGXFWLRQV# LQ# +$3# HPLVVLRQV# PD\# SURYLGH

7KHVH#UHVXOWV#LQGLFDWH#WKDW#ILVK#DGYLVRULHV#LPSRVH
VXEVWDQWLDO#HFRQRPLF#FRVW#RQ#DQJOHUV# LQ# WKH#8QLWHG 7KH#WR[LILFDWLRQ#RI#IUHVKZDWHU#HFRV\VWHPV#LQ#WKH
6WDWHV1##0HDVXULQJ#WKH#PDUJLQDO#FKDQJHV#LQ#WR[LILFDWLRQ 8QLWHG#6WDWHV#E\#PHUFXU\#DQG#GLR[LQV# LV#D#SUREOHP/
WKDW#ZRXOG#RFFXU#LQ#WKH#DEVHQFH#RI#WKH#&$$$#LV#QRW DQG# HPLVVLRQV# RI# PHUFXU\# DQG# GLR[LQV# WR# WKH
SRVVLEOH/# EXW# LW# LV# SODXVLEOH# WR# VWDWH# WKDW# FRQWLQXHG DWPRVSKHUH#FRQWULEXWH#VLJQLILFDQWO\#WR#WKH#SUREOHP1
+$3#HPLVVLRQV#LPSRVH#D#FRVW#RQ#VRFLHW\#LI#WKH\#UHVXOW 4XDQWLI\LQJ#WKH#PDJQLWXGH#RI#HFRV\VWHP#HIIHFWV#RI#DLU

,I# DLU# GHSRVLWLRQ# RI# WR[LFV# UHVXOWV# LQ# VWDWHZLGH

+DPSVKLUH/#1HZ#-HUVH\/#1HZ#<RUN/#1RUWK#&DUROLQD/

RI#D# ODUJH0VFDOH# VXEVWLWXWLRQ#DZD\# IURP# UHFUHDWLRQDO

QRU#GR#WKH\#DFFRXQW#IRU#WKH# LQGXVWULHV#WKDW#SURYLGH

HFRQRPLF#EHQHILWV1

WR[LFV#GHSRVLWLRQ#LV#QRW#\HW#SRVVLEOH/#EXW#LW#LV#FOHDU#WKDW
WKH#GHSRVLWLRQ#RI#DLU#WR[LFV#WR#VRPH#HFRV\VWHPV/#VXFK
DV# IUHVKZDWHU# UHFUHDWLRQDO# ILVKHULHV/# FDQ# UHVXOW# LQ
PHDVXUDEOH#HFRQRPLF#FRVWV1###$#SHUSHWXLW\#LV#D#VWUHDP#RI#EHQHILWV/#DFFUXHG#RYHU#DQ#LQILQLWH55

WLPH#KRUL]RQ1##$#VLPSOLILHG#IRUPXOD#IRU#FDOFXODWLQJ#D#SHUSHWXLW\#RI
HTXDO# EHQHILWV# DFFUXHG# DQQXDOO\/# LQ#ZKLFK# WKH# ILUVW# SD\PHQW# LV
UHFHLYHG#DW#WKH#HQG#RI#\HDU#RQH/#WKH#VHFRQG#SD\PHQW#LV#UHFHLYHG#DW
WKH# HQG# RI# \HDU# WZR/# HWF1/# LV=# # +1RPLQDO# 9DOXH# RI# %HQHILW,# 2
+'LVFRXQW#5DWH,

#
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Caveats and Uncertainties

%HFDXVH#RI# OLPLWDWLRQV# LQ#WKH#FXUUHQWO\#DYDLODEOH
GDWD# DQG# PRGHOV/# D# FRPSUHKHQVLYH# TXDQWLWDWLYH
DQDO\VLV#RI#WKH#HFRORJLFDO#EHQHILWV#RI#UHGXFHG#PHUFXU\
DQG#GLR[LQ#HPLVVLRQV# IRU# UHFUHDWLRQDO# ILVKLQJ# LV#QRW
SRVVLEOH1##+RZHYHU/#VXFK#DQ#DQDO\VLV#PD\#EH#SRVVLEOH
LQ#WKH#IRUHVHHDEOH#IXWXUH1

& 7KH# SRWHQWLDO# IRU#PHUFXU\# DQG# GLR[LQV# WR
SHUVLVW# IRU# ORQJ# SHULRGV# RI# WLPH# LQ# WKH
HQYLURQPHQW#LV#D#FRQIRXQGLQJ#IDFWRU#LQ#WKLV
DQDO\VLV1##%HFDXVH#WKHVH#SROOXWDQWV#FDQ#SHUVLVW
LQ# DTXDWLF# HFRV\VWHPV# IRU# GHFDGHV/# HYHQ
WKRXJK# WKH# &$$$# PD\# UHGXFH# WKHLU
HPLVVLRQV/# LW# LV# SRVVLEOH# WKDW# WKH# VWDWXV# RI
WR[LILHG#HFRV\VWHPV#PD\#QRW#EH#VLJQLILFDQWO\
DIIHFWHG#GXULQJ#WKH#WLPH#IUDPH#RI#WKH#DQDO\VLV
+L1H1/#WKURXJK#5343,1

& ,Q# DGGLWLRQ/# WKH# SHUVLVWHQW# QDWXUH# RI
WR[LILFDWLRQ#SUHVHQWV#FKDOOHQJHV#ZLWK#UHVSHFW
WR#KRZ#EHQHILWV#DUH#GLVFRXQWHG#RYHU#WLPH1##,Q
WKRVH#FDVHV#ZKHUH#UHFRYHU\#IURP#WR[LILFDWLRQ
ZLOO# WDNH# D# QXPEHU# RI# \HDUV/# WKH# EHQHILWV
DFFUXHG#E\#VRFLHW\#ZLOO#EH#GLPLQLVKHG#LQ#WHUPV
RI#WKHLU#SUHVHQW#YDOXH1##,Q#RWKHU#ZRUGV/#LI#DOO
DLU#HPLVVLRQV#FHDVHG/#PDQ\#ILVK#FRQVXPSWLRQ
DGYLVRULHV#ZRXOG# UHPDLQ# LQ# SODFH# XQWLO# WKH
ILVKHULHV#UHFRYHUHG1# #,I#WKLV#UHFRYHU\#SHULRG
ZHUH# WR# H[WHQG# IRU# VHYHUDO# GHFDGHV/# WKH
SUHVHQW#YDOXH#RI#HFRQRPLF#EHQHILWV#IURP#WKH
HYHQWXDO# UHWUDFWLRQ# RI# DGYLVRULHV# FRXOG# EH
UHGXFHG# GUDPDWLFDOO\1# # ,Q# D# FRVW0EHQHILW
GHFLVLRQ# DQDO\VLV/# WKHVH# EHQHILWV#PLJKW# QRW
MXVWLI\#WKH#FRVWV#RI#+$3#UHJXODWLRQV1##,Q#WKLV
FDVH/# DQ# LQWHU0JHQHUDWLRQDO# EHQHILWV
DVVHVVPHQW/#ZKHUH#GLVFRXQWLQJ#LV#QRW#DSSOLHG/
ZRXOG#EH#UHTXLUHG1

& 7KH# JOREDO# QDWXUH# RI#PHUFXU\# SROOXWLRQ# LV
DQRWKHU# FRQIRXQGLQJ# IDFWRU# # %HFDXVH# D
VLJQLILFDQW# SRUWLRQ# RI# PHUFXU\# GHSRVLWHG
ZLWKLQ#WKH#8161#FRPHV#IURP#WKH#JOREDO#SRRO/
D#GHFUHDVH#LQ#8161#HPLVVLRQV#PD\#EH#RIIVHW#E\
LQFUHDVHV#LQ#HPLVVLRQV#LQ#RWKHU#FRXQWULHV1##,I
WKLV#VKRXOG#RFFXU/#LW#PLJKW#EH#GLIILFXOW#WR#

GHWHFW#RU#SUHGLFW#DFWXDO#FKDQJHV#LQ#WKH#WR[LFLW\
RI# 8161# DTXDWLF# HFRV\VWHPV/# GHVSLWH
UHGXFWLRQV#LQ#8161#HPLVVLRQV1

& 7R# TXDQWLWDWLYHO\# DVVHVV# WKH# HIIHFWV# RI
PHUFXU\#DQG#GLR[LQ#HPLVVLRQ#UHGXFWLRQV#RQ
UHFUHDWLRQDO#ILVKLQJ/#PRUH#DQG#EHWWHU#GDWD#DQG
PRGHOV# DUH# UHTXLUHG1# # 7KH# PRVW# SUHVVLQJ
UHVHDUFK#QHHGV#LQ#WKLV#DUHD#DUH#D#PRGHO#WKDW
FDQ#SUHGLFW#WKH#QDWLRQDO#IDWH#DQG#WUDQVSRUW#RI
GLR[LQ/# DQG#PRGHOV# WKDW# FDQ/#RQ# D#QDWLRQDO
VFDOH/#FRQYHUW#PHUFXU\#DQG#GLR[LQ#GHSRVLWLRQ
TXDQWLWLHV#WR#DPRXQWV#RI#WKH#FRQWDPLQDQWV#LQ
ILVK1# #'DWD# WR# YHULI\# WKHVH#PRGHOV# LV# DOVR
KLJKO\#GHVLUDEOH1#

& (YHQ#LI#LW#ZHUH#FXUUHQWO\#SRVVLEOH#WR#SHUIRUP
WKH# DQDO\VLV# GLVFXVVHG# KHUH/# LW#ZRXOG# OLNHO\
FDSWXUH# RQO\# D# IUDFWLRQ# RI# DOO# WKH# EHQHILWV
DWWULEXWDEOH# WR# &$$$0PDQGDWHG# +$3
HPLVVLRQV#UHGXFWLRQV1##7KH#DQDO\VLV#IRFXVHG
HQWLUHO\#RQ#WZR#+$3V#DQG#RQ#RQH#HQGSRLQW1
1HLWKHU#WKH#SRWHQWLDO#EHQHILWV#RI#UHGXFWLRQV
LQ# WKH# HPLVVLRQV#RI#RWKHU#+$3V#QRU#RWKHU
HQGSRLQWV#ZHUH#FRQVLGHUHG1#

Conclusions and Implications

2XU#DQDO\VLV#KDV#LGHQWLILHG#IRXU#PDMRU#FDWHJRULHV
RI#DLU#SROOXWDQWV#WKDW#DIIHFW#HFRORJLFDO#VWUXFWXUH#DQG
IXQFWLRQ=# VXOIXU# FRPSRXQGV/# QLWURJHQ# FRPSRXQGV/
WURSRVSKHULF# R]RQH/# DQG# KD]DUGRXV# DLU# SROOXWDQWV1
(DFK#RI#WKHVH#SROOXWDQWV#LV#VFLHQWLILFDOO\#GRFXPHQWHG
DV#D#FDXVH#RI#HFRV\VWHP#GHJUDGDWLRQ#GXH#WR#DFXWH#DQG
FKURQLF#H[SRVXUH1# #6XOIXU#DQG#QLWURJHQ#FRPSRXQGV
FRQWULEXWH# WR# HSLVRGLF# DQG# FKURQLF# DFLGLILFDWLRQ# RI
DTXDWLF#DQG#WHUUHVWULDO#HFRV\VWHPV/#ZKLOH#WKH#FKURQLF
GHSRVLWLRQ#RI#QLWURJHQ#FRPSRXQGV#DORQH#PD\#FDXVH
KDUPIXO# HXWURSKLFDWLRQ# WR# WHUUHVWULDO# DQG# DTXDWLF
HFRV\VWHPV1##7URSRVSKHULF#R]RQH#GLVUXSWV#WKH#QRUPDO
IXQFWLRQLQJ#RI#SODQWV/#OHDGLQJ#WR#DFXWH/#YLVLEOH#GDPDJHV
WR# WHUUHVWULDO# HFRV\VWHPV/# DQG# FKURQLF# H[SRVXUH# DW
OHYHOV#WKDW#GR#QRW#SURGXFH#DFXWH#GDPDJHV#PD\#UHVXOW
LQ#UHGXFHG#JURZWK#UDWHV#DQG#HYHQWXDOO\#DOWHU#HFRV\VWHP
QXWULHQW# F\FOLQJ1# # )LQDOO\/# KD]DUGRXV# DLU# SROOXWDQWV
GHSRVLWHG#DFURVV# WKH# ODQGVFDSH#DUH#DFFXPXODWLQJ# LQ
DTXDWLF# RUJDQLVPV# DQG# VXEVHTXHQWO\# HQWHULQJ# ERWK
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DTXDWLF# DQG# WHUUHVWULDO# IRRGFKDLQV1# # 7KRXJK# WKH UHVXOW/# TXDQWLWDWLYH# UHVXOWV# ZH# JHQHUDWH# IRU# WKH
HFRORJLFDO#LPSDFWV#DUH#QRW#IXOO\#XQGHUVWRRG/#WKH#ORQJ0 SXUSRVHV# RI# HVWLPDWLQJ# WKH# EHQHILWV# RI# WKH#&$$$
WHUP#HIIHFWV#RI#LQWURGXFLQJ#KD]DUGRXV#DLU#SROOXWDQWV#WR UHIOHFW#RQO\#D#VPDOO#SRUWLRQ#RI#WKH#RYHUDOO#LPSDFWV#RI
HFRV\VWHPV#PD\#EH#VORZ#WR#PDQLIHVW#DQG#LUUHYHUVLEOH DLU#SROOXWLRQ#RQ#HFRORJLFDO#V\VWHPV1##2XU#TXDQWLWDWLYH
LQ#QDWXUH1 RYHUYLHZ# RI# HIIHFWV# QHYHUWKHOHVV# VXJJHVWV# WKDW# WKH

(FRORJLFDO#HIIHFWV#FDQ#RFFXU#DW#GLIIHUHQW#OHYHOV#RI WKRVH#TXDQWLILHG1
ELRORJLFDO#RUJDQL]DWLRQ1##0RVW#HIIHFWV#WKDW#DUH#FXUUHQWO\
TXDQWLILDEOH# DUH# XQGHUVWRRG# DW# WKH# LQGLYLGXDO# RU
SRSXODWLRQ#OHYHO/#SHUKDSV#EHFDXVH#RI#WKH#IHDVLEOLW\#RI
FRQGXFWLQJ#FRQWUROOHG#H[SHULPHQWV#DW#WKLV#OHYHO1##)RU
H[DPSOH/#UHVHDUFK#RQ#WKH#HIIHFWV#RI#R]RQH#RQ#WLPEHU
EHJDQ#ZLWK#H[SHULPHQWDO#UHVHDUFK#RQ#WKH#UHVSRQVH#RI
VHHGOLQJV#DQG#OHDYHV#RI#PDWXUH#WUHHV#WR#HOHYDWHG#OHYHOV
RI#R]RQH1##2QO\#UHFHQWO\#KDYH#PRGHOLQJ#HIIRUWV#EHJXQ
WR#FRQVLGHU#LQWHUDFWLRQV#RI#IDFWRUV#DW#WKH#FRPPXQLW\
OHYHO/#WDNLQJ#LQWR#DFFRXQW#WKH#G\QDPLFV#RI#FRPSHWLWLYH
UHODWLRQVKLSV# DPRQJ# WUHH# DQG# SODQW# VSHFLHV1
([SHULPHQWDO#UHVHDUFK#FRQWLQXHV#WR#SURJUHVV#WRZDUG
D#EHWWHU#XQGHUVWDQGLQJ#RI#WKH#IXOO#UDQJH#RI#HFRORJLFDO
LPSDFWV# LQFOXGLQJ# HIIHFWV# DW# WKH# HFRV\VWHP# OHYHO1
&RQWLQXHG#FRQVLGHUDWLRQ#RI#WKHVH#KLJKHU0RUGHU#HIIHFWV
RI#SROOXWDQWV#RQ#HFRORJLFDO#V\VWHPV#LV#QHFHVVDU\#IRU#D
PRUH# FRPSOHWH# XQGHUVWDQGLQJ# RI# WKH# EHQHILWV# RI
SROOXWLRQ#FRQWURO1

%HFDXVH# WKH# FKURQLF# HFRORJLFDO# HIIHFWV# RI# DLU
SROOXWDQWV# PD\# EH# SRRUO\# XQGHUVWRRG/# GLIILFXOW# WR
REVHUYH/#RU#GLIILFXOW#WR#GLVFHUQ#IURP#RWKHU#LQIOXHQFHV
RQ#G\QDPLF#HFRV\VWHPV/#RXU#DQDO\VLV#IRFXVHV#RQ#DFXWH
RU#UHDGLO\#REVHUYDEOH#LPSDFWV1##'LVUXSWLRQV#WKDW#PD\
VHHP#LQFRQVHTXHQWLDO#LQ#WKH#VKRUW0WHUP/#KRZHYHU/#FDQ
KDYH# KLGGHQ/# ORQJ0WHUP# HIIHFWV# WKURXJK# D# VHULHV#RI
LQWHUUHODWLRQVKLSV#WKDW#FDQ#EH#GLIILFXOW#RU#LPSRVVLEOH#WR
REVHUYH/#TXDQWLI\/#DQG#PRGHO1# #7KLV# IDFWRU#VXJJHVWV
WKDW#PDQ\#RI#RXU#TXDOLWDWLYH#DQG#TXDQWLWDWLYH#UHVXOWV
PD\#XQGHUHVWLPDWH# WKH#RYHUDOO/# ORQJ0WHUP#HIIHFWV#RI
SROOXWDQWV#RQ#HFRORJLFDO#V\VWHPV#DQG#UHVRXUFHV1

Summary of Quantitative Results

$OWKRXJK# WKH# HIIHFWV# RI# DLU# SROOXWDQWV# RQ
HFRORJLFDO#V\VWHPV#DUH#OLNHO\#WR#EH#ZLGHVSUHDG/#PDQ\
HIIHFWV#PD\#EH#SRRUO\#XQGHUVWRRG#DQG#ODFN#TXDQWLWDWLYH
HIIHFWV#FKDUDFWHUL]DWLRQ#PHWKRGV#DQG#VXSSRUWLQJ#GDWD1
,Q#DGGLWLRQ/#PDQ\#RI#RXU#TXDQWLWDWLYH#UHVXOWV#UHIOHFW#DQ
LQFRPSOHWH#JHRJUDSKLF#VFRSH#RI#DQDO\VLV>#IRU#H[DPSOH/
ZH#JHQHUDWHG#PRQHWL]HG#DFLGLILFDWLRQ#UHVXOWV#RQO\#IRU
WKH#$GLURQGDFNV# UHJLRQ#RI#1HZ#<RUN# 6WDWH1# #$V# D

RYHUDOO# LPSDFWV#RI#DLU#SROOXWLRQ#DUH# IDU#JUHDWHU# WKDQ
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Table E-27
Summary of Monetized Ecological Benefits (millions 1990$)

Description Air Economic Estimates in Estimate Estimate
of Effect Pollutant Estimate 2010 for 2010 1990-2010 Key Limitations

Geographic Range of Primary Cumulative
Scale of Annual Impact Central Impact

Primary
Central

Freshwater Sulfur and Regional $12 to $88 $50 $260 - Captures only
acidification nitrogen (Adirondacks) recreational

oxides fishing impact
- Incomplete
geographic
coverage leads to
underestimate of
benefits

Reduced tree Ozone National $190 to $1000 $600 $1,900 - Uncertainties in
growth - Lost stand-level
commercial response to
timber ozone exposure

 - Uncertainty in
future timber
markets

TOTAL MONETIZED ECONOMIC BENEFIT  $200 to $1,100 $650 $2,200 - Partial estimate
that omits major
unquantifiable
benefits
categories; see
text

Note: Estimates reflect only those benefits categories for which quantitative economic analysis was supported.  A comprehensive
total economic benefit estimate would likely greatly exceed the estimates in the table.  Range of estimates for timber assessment is
based on variation in annual point estimates for 2005 through 2010.
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'HVSLWH# WKHVH# OLPLWDWLRQV/# LW# LV# LPSRUWDQW# WR UHGXFWLRQV#RQ#HFRV\VWHP#VWUXFWXUH#DQG#IXQFWLRQ#PD\
UHFRJQL]H#WKH#PDJQLWXGH#RI#WKH#PRQHWL]HG#HFRORJLFDO EH#D#PRUH#DSSURSULDWH#PHDVXUH# WKDW#FDQ#EH# IXUWKHU
EHQHILWV# WKDW# ZH# FRXOG# HVWLPDWH# DQG# UHIOHFW# WKRVH H[SORUHG#LQ#IXWXUH#DQDO\VHV1
UHVXOWV#LQ#WKH#RYHUDOO#HVWLPDWHV#RI#EHQHILWV##JHQHUDWHG
LQ#WKH#ODUJHU#DQDO\VLV1##7DEOH#(05:#SURYLGHV#D#WDEXODU &KDQJHV#LQ#HFRV\VWHP#VWUXFWXUH#DQG#IXQFWLRQ#PD\
VXPPDU\# RI# WKH# UHVXOWV# GRFXPHQWHG# HDUOLHU# LQ# WKLV QRW#EH#REYLRXV# WR# WKH# OD\#SHUVRQ/#DQG# WKH#XOWLPDWH
DSSHQGL[1##,W#LV#QRW#SRVVLEOH#WR#LQGLFDWH#WKH#GHJUHH#WR HIIHFWV#RI#VXFK#FKDQJHV#LQ#HFRV\VWHPV#DUH#VRPHWLPHV
ZKLFK# HFRORJLFDO# EHQHILWV# DUH# XQGHUHVWLPDWHG/# EXW XQSUHGLFWDEOH# LQ# VFDOH# DQG# QDWXUH1# # (FRV\VWHPV
FRQVLGHULQJ#WKH#PDJQLWXGH#RI#EHQHILWV#HVWLPDWHG#IRU DIIHFWHG# E\# KXPDQNLQG# PD\# UHVSRQG# LQ# D
WKH#VHOHFW#HQGSRLQWV#FRQVLGHUHG# LQ#RXU#DQDO\VLV/# LW# LV GLVFRQWLQXRXV#PDQQHU#DURXQG#FULWLFDO#WKUHVKROGV#WKDW
UHDVRQDEOH#WR#FRQFOXGH#WKDW#D#FRPSUHKHQVLYH#EHQHILWV DUH# ERXQGDULHV# EHWZHHQ# ORFDOO\# VWDEOH# HTXLOLEULD1
DVVHVVPHQW# ZRXOG# \LHOG# VXEVWDQWLDOO\# JUHDWHU# WRWDO &RPSOH[LW\# LQ# HFRV\VWHPV# SUHYHQWV# DQDO\VWV# IURP
EHQHILWV#HVWLPDWHV1# XVLQJ# OLQHDU# PHWKRGV# WR# ´DGG# XSµ# WKH# GLVFUHWH

Recommendations for Future Research

3UHYLRXV#VHFWLRQV#RI#WKLV#DSSHQGL[#KDYH#GLVFXVVHG
VHYHUDO# DUHDV# IRU# IXWXUH# UHVHDUFK# UHODWHG# WR# WKH
LQGLYLGXDO# UHVHDUFK# DQG# DQDO\WLF# HIIRUWV# FRQGXFWHG1
)URP# D# EURDGHU# SHUVSHFWLYH/# WKHUH# DUH# WKUHH# NH\
UHVHDUFK#QHHGV#WR#LPSURYH#EHQHILWV#DVVHVVPHQWV#RI#WKLV
W\SH=

& ([HPSODU\# DVVHVVPHQWV# WKDW# LQFRUSRUDWH# D
JUHDWHU#HPSKDVLV#RQ#HFRV\VWHP#VWUXFWXUH#DQG
IXQFWLRQ#UDWKHU#WKDQ#VSHFLILF#VHUYLFH#IORZV>

& $VVHVVPHQWV# ZLWK# EURDGHU# JHRJUDSKLF
FRYHUDJH# RI# LPSDFWV# FDWHJRULHV# DVVHVVHG# LQ
WKLV#UHSRUW>#DQG

& 0RUH#VRSKLVWLFDWHG#WUHDWPHQW#RI#XQFHUWDLQW\
DQG# FRPSOH[LW\/# LQFOXGLQJ# FDUHIXO
FRQVLGHUDWLRQ# RI# WKH# LUUHYHUVLELOLW\# RI
HFRV\VWHP#LPSDFWV1

Assessing Changes in Ecosystem
Structure and Funtion

$#PDMRU#OLPLWDWLRQ#RI#RXU#TXDQWLWDWLYH#DQDO\VLV#LV
WKDW# E\# IRFXVLQJ# RQ# LQGLYLGXDO# DFXWH# DQG# FKURQLF
LPSDFWV#LW#LV#SRVVLEOH#WR#ORVH#VLJKW#RI#HFRV\VWHP0OHYHO
FKDQJHV#WR#VWUXFWXUH#DQG#IXQFWLRQ1##7KHVH#HFRV\VWHP0
OHYHO# FKDQJHV# FRXOG# HYHQWXDOO\# OHDG# WR# ODUJH0VFDOH
LPSDFWV#IDU#JUHDWHU#LQ#GHJUHH#DQG#JHRJUDSKLF#H[WHQW1
'HWHUPLQLQJ# WKH# DSSURSULDWH# HFRORJLFDO# OHYHO# RI
DQDO\VLV# LV#FUXFLDO#WR#SURSHUO\#DFFRXQW#IRU#HFRORJLFDO
EHQHILWV# WKDW# PD\# DFFUXH# IURP# HQYLURQPHQWDO
UHJXODWLRQV1##:KLOH#TXDQWLI\LQJ#WKH#GHFUHDVH#LQ#LPSDFWV
RQ# VSHFLHV# DWWULEXWDEOH# WR# DLU# SROOXWDQW# FRQWURO# LV
DQDO\WLFDOO\# WUDFWDEOH/# WKH# LPSDFW# RI# SROOXWDQW

HFRORJLFDO# HIIHFWV# RI# SROOXWLRQ1# 8QGHUVWDQGLQJ# WKH
FRPSOH[# FDXVH# DQG# HIIHFW# UHODWLRQVKLSV# EHWZHHQ
SROOXWLRQ#DQG#GHWHULRUDWLRQ#RI#HFRV\VWHP#VWUXFWXUH#DQG
IXQFWLRQ# LV# IXQGDPHQWDO# WR#PDNLQJ# DGHTXDWH#SROLF\
GHFLVLRQV#WKDW#ZLOO#SURWHFW#HFRORJLFDO#UHVRXUFHV1##7KH
LVRODWLRQ# RI# VHUYLFH# IORZV# PD\# RIWHQ# LPSO\# DQ
RYHUVLPSOLILHG#FDXVH#DQG#HIIHFW#UHODWLRQVKLS#EHWZHHQ
SROOXWLRQ#DQG#WKH#SURYLVLRQ#RI#WKH#VHUYLFH#IORZ/#ZKHQ
PRUH#RIWHQ#WKH#VHUYLFH#IORZ# LV#DIIHFWHG#E\#FRPSOH[
QRQ0OLQHDU# UHODWLRQVKLSV# WKDW# JRYHUQ# HFRV\VWHP
VWUXFWXUH#DQG#IXQFWLRQ1##7KH#UHVXOW#LV#WKDW#HFRV\VWHP
LPSDFWV#PD\#QRW#EH#DGHTXDWHO\#DVVHVVHG#E\#DQDO\VHV
WKDW#IRFXV#RQ#VSHFLILF#VHUYLFH#IORZV1

2QH# SRWHQWLDOO\# IUXLWIXO# DSSURDFK# WR# DVVHVVLQJ
LPSDFWV#RQ# WKH# HFRV\VWHP# VFDOH#ZRXOG#EH# WR#PRUH
DGHTXDWHO\#PRGHO#D#ZLGH#UDQJH#RI#HFRV\VWHP#IXQFWLRQV
WKDW#GR#QRW#QHFHVVDULO\#FRQWULEXWH#WR#KXPDQ#ZHOIDUH1
$VVHVVPHQWV#DW#WKH#ZDWHUVKHG#VFDOH#PLJKW#SURYLGH#DQ
DSSURSULDWH# OHYHO# RI# GHWDLO# WR# PRUH# DGHTXDWHO\
FKDUDFWHUL]H#VRPH#RI#WKHVH#LQWHUPHGLDWH#VHUYLFH#IORZV1
7KLV# W\SH# RI# UHVHDUFK# HIIRUW# ZRXOG# UHTXLUH# FORVH
FRRSHUDWLRQ# EHWZHHQ# DLU# SROOXWLRQ# VSHFLDOLVWV/
HFRORJLVWV/#DQG#HFRQRPLVWV#WR#EH#PRVW#XVHIXO#ZLWKLQ
WKH#FRQWH[W#RI#EHQHILW0FRVW#DQDO\VHV#VXFK#DV#WKLV#RQH1

Broader Geographic Scale

6HYHUDO#RI# WKH#HFRORJLFDO#DQDO\VHV#FRQGXFWHG# WR
VXSSRUW#WKH#ILUVW#SURVSHFWLYH#VHFWLRQ#;45#UHSRUW#DUH
OLPLWHG# E\# WKHLU# SDUWLDO# JHRJUDSKLF# FRYHUDJH1# # )RU
H[DPSOH/#ZKLOH#QLWURJHQ#GHSRVLWLRQ# LV#DQ# LPSRUWDQW
FRQWULEXWRU# WR# HXWURSKLFDWLRQ# LQ# D# ZLGH# UDQJH# RI
(DVWHUQ#DQG#*XOI#&RDVW#HVWXDULHV/#UHVRXUFH/#WLPH/#DQG
GDWD#DYDLODELOLW\#FRQVWUDLQWV/#DV#ZHOO#DV# OLPLWDWLRQV# LQ
RXU# DELOLW\# WR# UHDVRQDEO\# DSSO\# DQ# DYRLGHG# FRVW
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DSSURDFK/#SUHYHQWHG#(3$#IURP#FRQGXFWLQJ#D#QDWLRQDO IUDPHZRUN# ZRXOG# OHDG# WR# JUHDWHU# HQYLURQPHQWDO
HFRQRPLF#DVVHVVPHQW##IRU#WKLV#FDWHJRU\#RI#LPSDFWV1##,Q SURWHFWLRQ/# )UHHPDQ# +4<<6,# DUJXHV# WKDW# LW# LV# DOVR
WKLV#DQG#PDQ\#RWKHU#HIIHFWV#FDWHJRULHV/#H[WHQVLRQ#RI SRVVLEOH# WKDW# WKH# LQIRUPDWLRQ# JDLQHG# E\# VRPH
WKH#PHWKRGV# DSSOLHG#KHUH# WR#QHZ# JHRJUDSKLF# DUHDV LQFUHPHQWDO# GHYHORSPHQW# RI# HFRORJLFDO# UHVRXUFHV
FRXOG#JUHDWO\#HQKDQFH#WKH#FRPSUHKHQVLYHQHVV#RI#WKH PLJKW#EH#WKH#RQO\#ZD\#WR#UHGXFH#XQFHUWDLQW\#DQG#JDLQ
SK\VLFDO#HIIHFWV#DQG#HFRQRPLF#LPSDFW#HVWLPDWHV1 LQIRUPDWLRQ# DERXW# WKH#PDJQLWXGH#RI# WKH# WUDGH0RIIV

Alternative Treatment of Uncertainty

$W# SUHVHQW# D# YDULHW\# RI# HFRQRPLF# VFKRROV# RI
WKRXJKW# DUH# FRQYHUJLQJ# RQ# TXDQWLWDWLYH# DQDO\VLV# RI
HQYLURQPHQWDO# LPSDFWV# WKDW# LQWHJUDWH# XQFHUWDLQW\/
LUUHYHUVLELOLW\# DQG# HFRORJLFDO# FRPSOH[LW\1# # (IIRUWV
ZLWKLQ#WKH#ILHOG#RI#´HFRORJLFDO#HFRQRPLFVµ#WR#GHYHORS
VWUXFWXUHG# DSSUDLVDOV#RI#XQFHUWDLQW\# DVVRFLDWHG#ZLWK
HQYLURQPHQWDO#PDQDJHPHQW#DQG#SURFHGXUDO#UDWLRQDOH
IRU# GHFLVLRQ# PDNLQJ# KDYH# \LHOGHG# D# YDULHW\# RI
WKHRUHWLFDO#SURSRVDOV1#'UHSSHU#DQG#0DQVVRQ# +4<<6,
DUJXH#WKDW#PRVW#DVSHFWV#RI#XQFHUWDLQW\#DUH#FRPSUHVVHG
LQWR#WKH#GLVFRXQW#UDWH#IRU#SROLF\#DQDO\VLV/#UHVXOWLQJ#LQ
WKH#LQDSSURSULDWH#XVH#RI#D#FRQVWDQW#SRVLWLYH#GLVFRXQW
UDWH# IRU# HQYLURQPHQWDO# H[LVWHQFH# YDOXHV1# # 7KHVH
H[LVWHQFH# YDOXHV/# WKH\# DUJXH/# PD\# EH# PRUH
DSSURSULDWHO\# DVVLJQHG# QHJDWLYH# GLVFRXQW# UDWHV1
)DXFKHX[# DQG# 0XQGD# +4<<:,# DGYDQFH# D# VLPLODU
FULWLFLVP#RI#WKH#XQLILHG#GLVFRXQW#UDWH#DQG#SRVLW#WKDW#D
GLIIHUHQWLDWHG# GLVFRXQW# UDWH# EH# DSSOLHG# WR#PXOWLSOH
DVSHFWV#RI#D#SROLF\#GHFLVLRQ#DFFRUGLQJ#WR#WKH#LPSOLHG
XQFHUWDLQW\#RI#HDFK#DVSHFW1##7KLV#TXDQWLWDWLYH#DSSURDFK
HYROYHV#LQWR#D#PXOWL0FULWHULD#GHFLVLRQ#IUDPHZRUN#WKDW
GHSDUWV# IURP# FRQYHQWLRQDO# FRVW0EHQHILW# DQDO\VLV1
$OWHUQDWLYHO\/# +LQWHUEHUJHU# DQG# :HJQHU# +4<<:,
DEDQGRQ#TXDQWLWDWLYH#DQDO\VLV#DV#D#IXWLOH#H[HUFLVH#GXH#WR
HFRV\VWHP#FRPSOH[LW\#LQ#IDYRU#RI#VLPSO\#DSSO\LQJ#WKH
SUHFDXWLRQDU\# SULQFLSDO# RI# UHGXFLQJ# DQ\# DQG# DOO
HQYLURQPHQWDO#LPSDFWV#WKDW#KDYH#XQFHUWDLQ#RXWFRPHV1

,Q#WKH#UHVRXUFH#HFRQRPLFV#OLWHUDWXUH/#GLVFXVVLRQ#RI
DOWHUQDWLYHV# WR# FRVW0EHQHILW# DQDO\VLV# ZKHQ# WKH
PDJQLWXGH# RI# EHQHILWV# RU# FRVWV# DUH# XQFHUWDLQ# KDYH
IRFXVHG# RQ# WKH# FRQFHSW# RI# TXDVL0RSWLRQ# YDOXH# +VHH
)UHHPDQ#4<<6#IRU#D#VXPPDU\,1##7KH#WHUP#ZDV#FRLQHG
E\#$UURZ#DQG#)LVKHU#+4<:7,#WR#GHVFULEH#WKH#SRWHQWLDO
ZHOIDUH# JDLQ# RI# DOWHULQJ# WKH# WLPLQJ# RI
GHYHORSPHQW2SUHVHUYDWLRQ#GHFLVLRQV#XQGHU#XQFHUWDLQW\
DQG#ZKHQ# DW# OHDVW# RQH# RI# WKH# FKRLFHV# LQYROYHV# DQ
LQUUHYHUVLEOH#FRPPLWPHQW#RI#UHVRXUFHV#+HLWKHU#VSHQW#RU
SUHVHUYHG,1#:KLOH#PXFK# RI# WKH# TXDVL0RSWLRQ# YDOXH
OLWHUDWXUH# VXJJHVWV# WKDW# DGRSWLQJ# WKLV# W\SH# RI

LQYROYHG# LQ# SUHYHQWLQJ# HFRORJLFDO# H[SRVXUHV1# # ,W# LV
QRQHWKHOHVV# LPSRUWDQW#WR#UHFRJQL]H#WKDW#RSWLRQ#DQG
TXDVL0RSWLRQ# YDOXH# VKRXOG# QRW# EH# FRQVLGHUHG# DV
DGGLWLRQDO# FRPSRQHQWV# RI# ZLOOLQJQHVV0WR0SD\/# EXW
UDWKHU#D#YDOXH#RI#DOWHULQJ#GHFLVLRQ#PDNLQJ#SUDFWLFHV
+H1J1/# WKH# YDOXH# RI# PRYLQJ# IURP# D# EHQHILW0FRVW
IUDPHZRUN#EDVHG#RQ#H[SHFWHG#YDOXH#WR#D#IUDPHZRUN
WKDW#EHWWHU#FRQVLGHUV#WKH#YDOXH#RI#LQIRUPDWLRQ#JDLQHG
RYHU#WLPH#DQG#WKH#LUUHYHUVLELOLW\#RI#FHUWDLQ#HIIHFWV,1

7KH#PDLQ#LPSOLFDWLRQ#RI#WKLV#ERG\#RI#ZRUN#LV#WKDW
FRVW0EHQHILW#DQDO\VLV#PD\#ZHOO#XQGHUHVWLPDWH#WKH#YDOXH
RI# ERWK# WKH# FRVWV# DQG# EHQHILWV# RI# XQFHUWDLQ/
LUUHYHUVLEOH# HQYLURQPHQWDO# RXWFRPHV# IURP# SXEOLF
SROLF\1# # )URP# WKH# FRVW# SHUVSHFWLYH/# UHJXODWLQJ# D
SROOXWDQW# WKDW# PD\# KDYH# QR# HQYLURQPHQWDO
FRQVHTXHQFH#PD\#FDXVH#HFRQRPLF#ORVVHV#WKDW#UHGXFH
XQNQRZQ#LQYHVWPHQW#DQG#JURZWK#RSSRUWXQLWLHV#LQ#WKH
IXWXUH1# #)URP#WKH#EHQHILWV#SHUVSHFWLYH/#WKH#YDOXH#RI
SUHVHUYLQJ# HFRV\VWHP# LQWHJULW\# PD\# LQFOXGH# WKH
PLWLJDWLRQ# RI# LUUHYHUVLEOH# GDPDJH# WR# D# YDULHW\# RI
VHUYLFH#IORZV#SUHYLRXVO\#QRW#DVVRFLDWHG#ZLWK#VLPSOLILHG
GRVH0UHVSRQVH# UHODWLRQVKLSV# EHWZHHQ# SROOXWLRQ# DQG
HFRV\VWHPV1# # $SSOLFDWLRQV# RI# WKHVH# SULQFLSOHV# LQ
HFRQRPLF# DVVHVVPHQWV/# LQFOXGLQJ# PRUH# ULJRURXV
DVVHVVPHQWV# RI# RSWLRQ# DQG# TXDVL0RSWLRQ# YDOXH/
SUREDELOLVWLF#DQDO\VLV#RI#PXOWLSOH#VFHQDULRV/#DQG#YDOXH
RI# LQIRUPDWLRQ# DSSURDFKHV# KDYH# WKH# SRWHQWLDO# WR
JUHDWO\# LQFUHDVH# WKH# XWLOLW\# RI# XQFHUWDLQ# HFRORJLFDO
DVVHVVPHQW# UHVXOWV# IRU# WKH# SXUSRVHV# RI# PDNLQJ
HQYLURQPHQWDO#SROLFLHV1
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